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Fic. 1.—Bat faces. No. 1: Elongate, pointed nose of Rhynchonycteris, the long-nosed bat. 
No, 2: The chin-plate of Chilonycteris, one of the plate-faced bats. No. 3: Front view of 
Mormoops, showing chin-leaf. No. 4: The chin-leaf and other excrescences of the face of 
Mormoops. No. 5: A typical leaf-nosed bat, Micronycteris. No. 6: A leaf-nosed bat with 
prominent chin pads, Carollia. No. 7: The nose-pad of the vampire bat, Desmodus. No. 8: 
The thickened muzzle of a simple-nosed bat, Myotis. No. 9: The Natalidae are characterized 
by thickened, fleshy lips (Natalus). No. 10: The free-tailed bats have drooping, spaniel- 
like lips (T’adarida). 
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TABLE 1. 


GENUS 
Rhynchonycteris 
Saccopleryz 
Chilonycteris 
Pte ronotus 
Mormoops 
Micronycteris 
Glossophaga 
Artibe u 
Carollia 


Desmodu 
Vatalu 
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Composed principally 


examined. This is a med 


} 


solor from bright, rust, 


naked dermal outgrowth, 


tufts of long hairs on th¢ 


bat, is derived 
] 
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Histologically the facial area of this species is not especially 
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im-sized bat 
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Principal glands in facial developments of bats 


FEATURES 
elongate nose 
swollen nose 


chin plate 
chin plate 
leaf lip 
chin leaf 
nose leaf 
chin pads 
nose leaf 
chin pads 
nose leaf 
chin pads 
nose leaf 
chin pads 
nose pad 
natalid organ 
swollen lips 


swollen nose 


swollen nose 


nose lumps 


thickened nose 


swollen lips 
swollen nose 


of connective 


tisauc 


with a 


the ‘“‘chin-plate’’ 


sides of the muzzle 


GLANDS 


sebaceous 
sudoriferous 
sebaceous 
sudoriferous 
sebaceous 
sebaceous 
sebaceous 
sebaceous 
sebaceous 
sebaceous 
sebaceous 
sebaceous 
sebaceous 

S¢ ba -eous 
sebaceous 
sebaceous 

* 

natalid gland 
sebaceous 
sebaceous 
sudoriferous 
sebaceous 
sudoriferous 
sebaceous 
sudoriferous 
sebaceous 
sudoriferous 
sebaceou 
sebaceous 
sudoriferous 
sebaceous 


sebac eous 


lense co of short 


from which the 
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riking. The 


AMOUNT OF TISSUE 
large nests 
moderate 
large nests 
moderate 
small, scattered 
small, scattered 
small, scattered 
small, scattered 
small, scattered 
almost none 
small, scattered 
small, scattered 
small, scattered 
a few cells only 
small, scattered 
scattered cells 

> 
entire gland 
moderate 
large nests 
moderate 
huge nests 
moderate 
huge nests 
moderate 
large nests 
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entire gland 
large nests 
moderate 
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a moderate amount of sebaceous glan 


lar tissue, with some small nests of cells independent of the hair follicles. Both submaxil 
lary and sublingual salivary glands are of the mucous type. There are no sudoriferous 
glands 

Specimens of Pteronotus davyii Gray, from El Salto, San Luis Potosi, Mexico, were ex 
amined. In this small species the wings are attached to the midline of the back rather than 
the sides of the body and the wing membranes, fused over the back, are naked. The com- 


mon name for bats of this genus is ‘‘naked-backed bat.’’ In other external characters this 
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species is astonishingly similar to Chilonyct bi In the h 
srea, also, the two forms are almost identica 
Specimens of Mormoops megalophylla Peters, from Bo lel Rio, Veracr co, were 
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TABLE 2.—Types of facial salivary glands in bats 


GENT SUBMAXILLARY 





Rhynchonycteri mucous mucous 
Saccopleryzx mucous mucous 
Chilonycte mucous mucous 
Pteronotu mucous nucous 
Mormoop serous mucous 
Micronycte mucous mucous 
Glossophay mucou mucou 
Ca mucous 
irtibeu mucous 
icou mucous 


Vata mucous , 
























Tada serou serou 
* Sub x gland apparent! t in fac ( he lefined 
Sublingual glar found material examine 
oO he rostru esu elongation ¢ n s \ OSE € nd chin-t is 
tni¢ le nis 4 COI rabie muscie Du the tr scatt ed cells « SE 
idu ssu e Iree f glands. There i ¢ ttle sebaceous gl 1 tiss 
in the face there é ge nests of s ceous glandular cells. Tl 
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the mucous type 
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Histologically tl uci ea of Ca corres ids with that of Micror I 
yn] notabdD difference 1 the submaxillia sali giar ] Caro nd I 
found in the facial region of the head, as here defined. Apparently th. ely | 
rostr urea of the skull has displaced the gland posteri 
Subfamily Stenodermina This is a family of small to large bats which seem to 
entirely on fruit. Some species have white facial stripes; others have a white line d 
the back. Thev are characterized by the extreme breadth of the muzzl« sag 
are sometimes called short-faced bats. None of the species are known ti ate 
Specimens of Artibeu umaicer Leach, from Cueva de los Sabinos, San Luis |} 
Mexico, were examined. This is a large species which lacks an external tail. The fur is so 
and dense. The body is brownish gr: t white ‘ stripes. Artibe s f 
inhabiting bat 
The broad face of this species, and of other members of its subfamily, is a result 
the expansion of the rostral area of the skull and does not reflect glandular developmer 
Histologically the facial area of Artibeus is almost identical to that of Carollia, excey 
it has a relativel we is larger sublingual salivary gland su 
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The lump-nosed bats, Plecotus, are found in North America, Asia, and Europe. These 
medium-sized bats have very large ears and long, lax fur. There are two large, soft swell 


ings on the dorsal surface of the nose, from which the common name is derived Specimens 
of Plecotus macrotis LeConte, from Alexandria, Louisiana, were examined. 
Histologically the facial area of Plecotus is similar to that of other members of its fa 


The nose-lumps consist of a layer of skin over solid masses of sebaceous glandula 


u 





The face contains a number of great nests of sebaceous glardular cells, opening by means 
of very short, broad ducts onto the surface of the skin. The submaxillary gland is not 
present in the facial area. The sublingual gland is of the mucous type. Both upper and 
ower jaws contain numerous, coiled, sudoriferous glands. A small amount of fat i 
parent in the upper jaw 

Subfamily N yctophilinae.—Only two genera belong to this subfamily, one restricted to 


the Australian Region and one to the warmer parts of western United States and nort} 


western Mexico. Bats of this subfamily are stout-bodied, have large ears, and have broad 


truncated muzzles. They are insectivorous in their food habits and spend the day 


crevices 


Specimens of Antrozous pallidus (LeConte), from Snelling, Merced County, Calif 
were examined This yellowish brown species is characteri ned bi heavy body, thic k ¥ ing 
membranes, large ears and broad head and muzzle 

The broad muzzle results in part from the expansion of the skull anteriorly, and in part 


rlandular tissue. The submaxillary gland is not in the facial area. The sublii 





irom 


l im U 
gland is of the mucous type. There are numerous small groups of sebaceous glandular cells 
and some moderately-large nests of such cells, with an abundance of sudoriferous g 


Much of the breadth of the muzzle is contributed by muscls 


The exact relationships of bats of this subfamily have been in some doubt (Miller. 1907 


235). The histological evidence would indicate that Antrozous is Vespertilionid. Hist 





logically it differs widely from the Phyllostomidae and does not differ in any way fron 





the Vespertilionidae. This substantiates the conclusions of Miller, who placed Az 
with some hesitation, in the Vespertilionidae 
Vamily Natalidae This family contains only a few species, all belonging to the g 
I Natalid i ’ t f I bel he g 


Natalus. Except for one species in tropical North America and ano 


the family is confined to the West Indies. The species are al! sma! bats 
with soft, vellowish or reddish fur. The large, conical ears lead m«¢ 
‘funnel-eared bats,’’ applied to the group as a whole. Adult males u 
mass beneath the skin of the fore id, called the Natalid Organ by A 





species are insectivorous and spend the day in caves or other dark retreats. None are knov 
to hibernate 


Specimens < Miller, from San Andres Tuxtla, Veracruz, M« 








were examined 1 species the natalid gland is not visible extern: 
except as a general swelling of the frontal region of the head € ilps are gene! ally t 
ened and fleshy in texture (Fig. 1, No. 9 

The facial area, histologically, is rather similar to that of bats of the family Vespert 


1 


baceous glands are present in small groups of cells at the bases of hair follicles 


lionidae: sel 
and in large nests of cells whose ducts open independently onto the surface of the skin 
the submaxillary gland is of the mucous type; and there are numerous sudoriferous glands 


present. The natalid gland is a huge apocrine gland and has been described before. The lips 


both upper and lower, are profusely scattered with sebaceous gl inds, but the greater 
of the bulk of the lips is contributed by muscle 

Family Molossidae.—Bats of this family are small to quite large in size and are found in 
both the Old and New Worlds. In North America they are largely tropical in distributior 
but some species range as far northward as Kansas and Oregon. They are slim-bodied 
bats with long, slender wings and short, velvet-like fur. Approximately half of the tail 
projects past the tail membrane, leading to the common name, ‘“‘free-tailed bats,’’ for the 


group as a whole. The muzzle is thickened and studded with wart-like projections. The 
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lips are drooping, spaniel-like (Fig. 1, No. 10), and internally have crenulated borders. 
Bats of this family are exceptionally swift fliers 
Some forms apparently hibernate. 


They feed upon insects and spend the 


day in caves, hollows of trees, or buildings. 
Specimens of Tadarida cynocephala LeConte, from Baton Rouge, Louisiana, were exam- 
ined. The species is medium-sized and nearly black in color. It is confined to Southeastern 
United States and Mexico 
Histologically the facial area of Tadarida is rather simple. The crenulations of the 
The facial area contains sebaceous glands 














ips and warts on the muzzle are largely dermal 
1 association with hair follicles; some moderately large nests of sebaceous glandular cells 
re associated with the bases of the large “‘spoon-hairs”’ of the muzzle. Nests of sebaceous 
glandular cells with independent ducts are absent and there are no sudoriferous glands. 
Salivary glandular tissue is abundant in both the upper and lower jaws. Both submaxillary 
and sublingual glands are of the serous type 

Sinus hairs.—Numerous sinus hairs, apparently not all vibrissae, are present in the fa- 
cial areas of North American bats. No espe cial al differences in these were noted 
among the representatives of the different famil ned 

Of especial interest, however, is the tuft of in the mid-line of the body, on 





the ventral surface of the chin. This tuft is a very distinct tubercle, the size 
































1 position of which varies among d ent bats. In bats of all families except the Mo- 
lossidae, two long hairs emerge from this tubercle. In the Molossidae (genera Tadarida, 
Molossus, Eumops, Promops) there are six hairs, so thick and stiff that they are capable 

piercing the human skin 

In bats other than the Molossidae the sinus hairs of the chin are most distinct in young 

imals. In old adults one or both hairs are usually broken or missing. In some forms there 
i s to be but a single, united rele, fr " 1irs project. In other forms 
the tubercle is definitely divided he 1-line In some bats of the Phyl- 

stomidae the tubercle is relatively small and difficult to see without the aid of a lens 

Because this sinus-hair tubercle seems to have been overlooked in the past, we have 
lescr it in some detail here 

Rhynchonycteris.—Tubercle consists of a s interiorly-directed, triangular flap, 

ited two millimeters from the anterior end of the chi 

Saccopteryz.—Tubercle consists of a broad, low, flattened swelling located five milli 
meters from the anterior end of the chi 

Chilonycteris.—The tubercle is prominent and ari ym the posterior end of the der 

keel which extends posteriorly, under the chin, from the chin plate. It is located three 
eters from the anterior end of the chit 

Pteronot Similar to Chilonycte bu cate nly two mi anterior 
the chin in this smaller bat 

Mormoon A large, well-developed tubercle located well behind chin leaf and not con 

‘ 1 to chin leaf with a dermal keel; about three millimeters from anterior end of chin. 

Micronycteris A tiny tubercle, difficult to see without the aid of a lens, located four 

limeters from anterior end of chin. The tubercle is distinctly pigmented 

Glossophaga.—A tiny tubercle, difficult to see without the aid of a lens, located three 
meters from anterior end of chin 

Ca \ low but distinct tubercle ted three millimeters from anterior end of 

} 

Artibe A tiny tubercle or pigmented spot, occ: lly a perforation or pit, located 
ir millimeters from anterior end of chin 

Desmodu A very large and prominent tubercle located in the deep fossa between the 
andibles, six millimeters from the anterior end of the chin. 


ated three millimeters from the anterior end 


M yott A prominent double tuberc! 


Pipistrellus As in Myotis 
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Plecotus.—A prominent tubercle located four millimeters from the anterior end of 
the chin 

Lasiurus.—A prominent tubercle located three millimeters from the anterior end of 
the chin and covered with fur in some individuals 

Dasypterus.—As in Lasiurus but about four millimeters posterior to the end of the chin 

Tadarida.—A low, broad, round tubercle located four millimeters from anterior end of 
chin and with six rather than two sinus hairs arising from the tubercle 


TAXONOMIC CONSIDERATIONS 


] 


Essential differences in the histological aspects of the facial areas of the bats 
here described are, with one exception, found only between the major taxonomic 
groupings of bats. Were the bats to be separated only on criteria based on the 
histology of their facial areas they would fall into groups very similar to the 
family groups based on differences in skeleton and dentition. Individuals withi: 
a species are identical as regards histological aspects of their facial areas. The 
species of any one genus and of closely related genera differ only to a slight ex- 


tent from one another, at most. Most genera within a subfamily or family are 


similar, 






except for minor differences, with one exception. Each of the sever 
families here dealt with can be adequately characterized and identified on the 
basis of the histelogy of the facial areas, alone. 

An exception to the statement that genera within a family are similar is fur 
nished by the genus Morn oops V orn oops and two other genera, Chialonucte 
and Pteronotus, compose the family Chilonycteridae. Both Chilonycteris and 


Pteronotus have submaxillary salivary glands of the mucous type but in Mo 
moops the submaxillary gland is serous. It is true that Mormoops is quite differ- 
ent from the other two genera in other morphological details also, and might 
even be accorded subfamily rank were there more genera within the famil) 
Nevertheless, the relatively close relationship ol Mormoop to Chilor {cle and 
*teronotus cannot be questioned. Why this one genus of the family should hav 


1 serous type gland, a type ol salivary gland otherwis¢ found in the very dist 


family, Molossidae, cannot be explained 


Although the grouping of species of bats into major taxonomic groups, 0 
basis of the histology of their facial areas, agrees well with the current taxonomi 
grouping based on morphology ol skeleto1 and teeth. the relationships i the 
groups, as indicated by the histology of the facial areas of the component species 
differs markedly from the currently accepted relationships 

The family Molossidae is readily separated from all other families of bats on 
the basis of serous salivary glands. Other than in the Molossidae, only one genus, 
Mormoops, was found with a serous submaxillary gland. No serous sublingua 
glands were found except in the family Molossidas 

The remaining six families may be sharply divided by the presence or absence 
of sudoriferous glands in the facial area. This gland is present in the Embal- 
lonuridae, Vespertilionidae, and Natalidae, and it is completely and conspicu 
ousiy absent in the Chiionycteridae, Phyllostomidae, and Desmodontidae, as 
well as in the Molossidae. 


The currently accepted arrangement of the families of bats is that of Miller 


(1907), with some few modifications. Miller’s classification was based primarily 




















May, 1954 DALQUEST AND WERNER—BAT FACES 159 


on the articulation of the humerus with the scapula and radius (the ulna of 
bats is almost functionless), and to a lesser extent on the phalanges, shape of 
sternum, scapula, and clavicle. The relationships thus determined are not com- 
pletely in agreement with those suggested by dentition. 

The presence or absence of sudoriferous glands in the facial region seems to 
be extremely conservative and consistent. We freely admit that a number of 
families of bats, notably those occurring in the Old World, have not been ex- 
amined in regard to this character. It is suggestive, however, that the one report 
on the facial histology of the European bat, Noctula noctula, by Harrison and 
Davies (1949) dealt with a member of the Vespertilionidae, and sudoriferous 
glar ds were reported We have found no exceptions to the rule that sudoriferous 


glands are present in the faces of species of the families Emballonuridae, Ves- 
pertilionidae, and Natalidae, and we postulate that these forms are more closely 
related to one another than to the Chilonycteridae, Phyllostomidae, and Des- 


odontidae, families which lack this gland, and that the three latter forms are 


+ 


also related. We consider those families with sudoriferous glands to be relatively 
primitive. Miller considered the Vespertilionidae and Natalidae to be relatively 


advant ed 


In bats, reduction in number of teeth is considered an advanced character. 
It may be pointed out that the most primitive dentition found in the Microchir- 
optera (38 teeth) occurs in the Natalidae and in some Vespertilionidae. The 


greatest number of teeth found in any of the Phyllostomidae is 34; a number of 


| ‘ 9 


genera of vespertilionids have 34, 36, or 38 teeth. The greatest reduction in 
umber of teeth found in any member of the Vespertilionidae is 28 (Antrozous 
Phyllostomidas have this redu tion and some have 26 


We suggest that the following arrangement of the families of American, in- 
Ae A 4 ~ 


uding West Indian, bats is more nearly the true phylogenetic order than that 
lopted by Miller. The three families in parentheses have not been examined 


their positions are merely suggested by their morphology 





: E ARR { Mw ¥ RR ME 
Eml i I I f ynuridaae 
telida Noctilionidas 
Furipter P ystomik 
rt ypterida he Chil teridae 
Vespertilionidas Desmodontidas 
Noctilionidae Natalidae 
Chilonycteridae Furipteridae 
Phyllostomidae Chyropteridae 
Desmodontida Vespertilionidas 


Molossidas Molossidae 
SUMMARY 


The facial excrescences of representative species of seven of the nine families 
of North American (exclusive of West Indian) bats are more or less glandular, 
although in most forms the bulk of the facial excrescence is made up of skin and 
muscle 

The facial areas of all bats examined in the present connection are heavily 
invested with glandular tissue 
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The seven families of bats examined can be characterized on the basis of the 
glands in their facial areas. The Molossidae have serous type submaxillary and 
sublingual glands. The Emballonuridae, Natalidae, and Vespertilionidae possess 
sudoriferous glands in the facial area. The sudoriferous glands of the Embal- 
lonuridae are very small in size; a unique gland, the Natalid gland, is present 
in the facial area of adult male bats of the family Natalidae; members of the 
family Vespertilionidae have enormous nests of sebaceous glands in the facial 
area, which open onto the surface of the skin by very short, broad ducts. The 
Chilonycteridae, Phyllostomidae and Desmodontidae lack sudoriferous glands 
in the facial area. Members of the family Chilonycteridae have pairs of sebaceous 
glandular cells at the bases of the tiny hairs that are scattered over the chin- 
leaf, and the genus Mormoops has a serous-type submaxillary gland; bats of the 
family Phyllostomidae have sebaceous glandular cells scattered over the nose 
leaf; vampire bats, of the family Desmodontidae, have a face pad consisting 
largely of loose connective tissue in which there is almost no glandular tissue. 

The relationships of the families of North American bats, as suggested by the 
histology of their facial areas, differs in some respects from currently accepted 
relationships but supports the accepted relationships in other ways. The rela- 
tively primitive nature of the Emballonuridae, and the advanced position of 
the Molossidae, is substantiated, as is the classification of the Nyctophilinae as 
a subfamily of the Vespertilionidae. The presence of sudoriferous glands in the 
facial area in the families Natalidae and Vespertilionidae suggests that these 
forms are close to the Emballonuridae, and far more primitive than has been 
currently believed 

Note: In the above account we used the name Rhynchonycteris for the genus 
of the long-nosed bat, following Simpson (Bul. Amer. Mus. Nat. Hist., 85: 
55, 1945), who considered the generic name Rhynchonycteris Peters, 1867, not 
a homonym of Rhynchonycteris Tschudi, 1844. The one-letter rule (Article 
35) of the International Code of Zoological Nomenclature clearly states that 
names which differ only by 7 and y are homonyms. The proper name for this 
genus would appear to be Rhynchiscus, 1907. This came to our attention only 
recently. 
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SMALL MAMMAL POPULATIONS AT SILWOOD PARK 
FIELD CENTRE, BERKSHIRE, ENGLAND 


By L. E. Brown 


Silwood Park, Berkshire, the Field Centre of Imperial College, University of 
London, occupies about 100 acres of rough grassland and woodland with small 
areas of heathland and some cultivated regions. The small mammal population 
of three selected areas (Fig. 1), was studied from September, 1949, to September, 
1951. All three areas had never previously been trapped and had remained rela- 
tively undisturbed for at least ten years prior to this investigation, the Park 
being occupied during and after the war by the forces, serving mainly as a mili- 


] 13 388 ose ++ 
P22) 





300 Fé. 
——— 


Fic. 1.—Map of part of Imperial College Field Station. Area 1.—Observatory Ridge; 
Area 2.—Rookery Slope; Area 3.—South Lodge Wood; X-X.—Position of Old Fence Line. 
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raBie 1.—Plant « ? ties on Observate Ridge, norti th of old f, , P 
R é Slone Jul 1951 Ra pecle y OV t Th abbre 14107 ire d 
b int frequent ( r y ery. and locall 
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* Arranged in order of frequenc 
tary convalescent home. Two of the areas studied, Observatory Ridge and R 
ery Slope (Fig. 1), were of rough grassland th Mier agrestis hart 


lamy) dominant; the third area, South Lodge Wood, primarily an old beecl 


wood. had A pode mus sulvaticus ilvat { Linnaeu and ethrionon 
britanni Miller) co-dominant, the two species respectively showing a marked 
nocturnal-diurnal periodicity 

Mark and release trapping in quadrats w: emploved in all the area Y) 
vatory Ridg« 140 by 70 yards) and Rookery §S ope (110 by 110 yards) wer 


divided into squares (10 by 10 yards) with one trap per square. South Lodg 
Wood (270 by 120 yards was divided into squares (30 by 30 vards wit 
raps per square. In all cases the traps were placed at random, and were moved 
vithin the square throughout the trapping period to prevent individual animals 
‘uilding their runways up to the mouth of the trap and to ensure as random 

catch as possible. The Oxford trap (Chitty and Kempson, 1949) was used throug! 
out the work, with hay for bedding and whole oats and carrot for food. Pre 
baiting of four days was followed by a trapping period of 10 to 14 days Che 
traps were renewed with food and bedding whenevel! thev were handled | 

marking the small mammals, and In additiotr ° all the traps were cleaned every 
five days. The aim was to trap out the whole small mammal population as com 
pletely as possible, and where practicable, to continue the trapping until no 


further unmarked animals were found in the trap 


Observatory Ridge and Rookery Slope both lav on Bagshot sands In Obse! 
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Ridge an old fence (X-X on Fig. 1), which was removed before trapping 
bounded two areas of grassland whose dominant plant species varied, 


vhose flora was otherwise similar. Festuca rubra was dominant to the south 


re to the north of the old fence, where Agrostis tenu was dominant. The 
mn of plants on these two grasslands was studied in July. 1981. and is 
Table 1 

th Lodge Wood lay on plateau gravel. The area under observation extended 


Heath and Cannon Wood (Fig. 1). Although mainly a beech wood, it 
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The Lincoln Index method served merely as a rough check of the total population as 
judged by the first two days trapping. Burt (1946) suggested a population estimate could 
be made, based on two consecutive days trapping, using the Lincoln Index method, but 
many factors made this impracticable: for example, there might be no recaptures on the 
second day, or no captures at all due to a sudden change of temperature. Jackson’s (1939 
method, never primarily designed for emall mammals, also gave unreliable results, Table 2 
showing that its estimates were often below the actual population of voles marked during 
the trapping period. On the other hand, Hayne’s (1949) method gave reasonable results, 
bearing out the belief, experienced in the field, that a very high percentage of the mammals 
were coming into the traps, provided the trapping period was of about a fortnight’s dura- 
tion and that a proportionately large number of traps were used. Sanderson (1950) con- 
siders that two to five day trapping gives low estimates, and that if trapping is discontinued 
after seven days, only 41 per cent of the total catch may have been handled. Manville (1950), 
after experimenting with several methods, found he got the best results with large numbers 
of traps, closely spaced. His trap spacing of 10 yards was the same as that used in the work 
summarised in Table 2. Hayne’s (1949) method bases the population estimate on the in- 
crease in the population of marked individuals observed in succeeding catches. The method 
implies uniform population size with no replacement of marked animals for the period of 
the experiment (an assumption which in the above work was more or less true), and, uni- 
form probability of capture for all the animals, since otherwise each catch would not sample 
the population in a representative manner. This assumption is open to much discussion, 
as agreed by Hayne (1949) himself. He admits “‘it is not clear as to how far any population 


may depart from strict conformity to these standards and still permit the use of this, or 


any other, ratio method as a practical tool.’’ 


The small mammals varied in their reaction to trapping, but successive trapping for 





periods up to 14 days did not bear out the statement often made (Chitty and Kempso 





1949; Tanaka, 1950) that a large number of mice return constantly to the traps. My results 
showed that such behaviour was rare, and that a very high percentage never returned after 
being marked, or returned only once or twice during the whole trapping period. The num 


iin Table 3 


» between sexes or between different 


rise 





ber of times Microtus a. hirtus was retrapped is summar 


The results in Table 3 show little consistent differencé 


times the vol 





seasons regarding the number o 


is a greater tendency for the vole not to return to the tr 


es were recaptured, but clearly show there 


ap more than a few times than for 


to continue to re-enter the same trap repeatedly as Tanaka (1950) assumed would hap 


| 





pen with the continued trapping of his vole, Clethrionomys smithi. Neither did the study 
of the behaviour of Microtus from one trapping period to the next agree with the state- 
ment of Chitty and Kempson (1949) that Microtus returns more readily to traps after cary 
ture and release even after an interval of some weeks 

The trappable population of these experiments (Tables 2 and 3), consisted of voles 
greater than eight grams in weight, since any smaller animal could escape from the tra 
Obviously only those voles old enough to come above ground were being considered 


The numbers of voles entering the traps on any one night was influenced by various 


factors, notably sudden changes of temperature, or rain. If rain began before the 
left their runs, the catch was light, if it rained whilst they were above ground they ofter 
entered the traps for shelter, consequently giving a high catch. Although few unmarked 
animals were coming into the traps at the end of the trapping period, it was unusual t 


have completely trapped out the area. Using Hayne’s (1949) population estimate the nut 





bers of voles failing to enter the traps were as follows for Rookery Slope and Observator 
tidge respectively: September, 1949, 1 and 18 


3 and 4; September, 1950 


November, 1949, 8 and 10; February, 1950 


2 and 3; November, 195 8 and 29; February, 1951, 9 and lL 


June, 1951, 38 and 2; and September, 1951, 3 and 4 


The voles that entered the traps for the first time during the last few days of most tray 


ping periods weighed between 10 and 12 grams and likely represented young animals o 


the community coming above ground for the first time. There was usually little evidence 
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of times Microtus agrestis hirtus was recaptured 
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1949 1951 
Sept | No Fet Jun June Sept. 
Rookery Slope, Males 
Never 45.83 41.02 34.4 32.00 70.58 54.83 81.81 30.55 
l 20.83 33.33 27 .58 20.00 5.88 22.58 18.18 11.11 
2 16.66 12.82 13.79 x 8.00 17.64 16.12 11.11 
4.16 7.69 13.7! i 16.00 5.84 3.29 16.66 
{ 0.00 2.56 3 Ad = 0.00 0.00 0.00 11.11 
5 1.16 2. 5¢ 344060CCS 4.00 0.00 5.55 
< f 0.00 3 44 . QR MM 5. 22 5.55 
7 8 33 > 12.00 a aa 
8 2.77 
) 2.77 
Rooke Slone. } les 
\ r 16.15 21.62 25.00 57.89 ; 8.33 77.27 50.84 
0.76 57 . 82 a5 00 15.78 50.00 25.00 18.18 16.94 
? 7 40 91.62 10.00 5 5 OF 16.66 ).00 0.00 11.86 
Pat 
0.00 10.81 ] ”) = ) 52 8 4.54 3. 38 
4 7.69 2 70 5 Of > 5.2 0.00 ,. 38 
0 00 2 70 19 OO = ( x) R 33 5.08 
f Q4 70 >.0 4 0 1.69 
R4 ).00 3. 38 
. 5 OF 3.38 
O Ridge, M 
P 1 90 98 57 97 27 49 0 6. 1 39.53 100 44.0 
16.1 ) 25 6. 36 »3( 3 9 7 90 12.0 
6.12 ) { Ab ) 6.9 62 8 0 
0.00 5 5 on “ f 1 65 1.62 QR 
2 78 «27.47 0—C—S 00 00 6.97 12.0 
mie % OO me - A A > (2 s.0 
f 99 \ 0. Of Q] 0.0 
0 00 78 7. R] 4 0 
- 0 OO ] U.U 
U.U0 s 1 0 
if of 
Olas ) Ridge I é 
57.5 27.5 ; 1] 62.5 77.47 +.28 10.0 
15. 33.75 25.0 27.27 6. 6f 11.1] 7.14 34.0) 
15 ¢ 7 16.66 = 22.9 16. 6 ,.70 28 . 57 8.0 
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of migration into the area during the trapping period. The June trap 
however, an exception In June, 1950, no Microtus was trapped either 





I 
Ridge or on Rookery Slope. In June, 1951, on Rookery Slope, 82 per cent of the males were 
never recaptured and the remaining 18 per cent were recaptured only once. On Observatory 
tidge none of the males was recaptured during the trapping peri 


analysis for the females. On Rookery Slope only two voles were 





ruary trapping period, these were both pregnant females weighing 34 and 30 grams re- 
spectively. On Observatory Ridge only one vole had remained on the area from the previous 


fem ile weighing 34 gm It would appear from these 


erlod, a pregnan 





trapping } 
t 


that this 


rapping period in June cut into a time when the voles were migrating, and that 





possibly a few very mature females remained on the area, beginning new centres 


} 


" ; ; 








building up of the next stable community that would probably be reinforced by young 
voles migrating into the area. The annual fal in the early summer accounts 
for low numbers of voles on both Observat Dm Rookery Slope, but does not ac 
count for the fact that those animals that vere aptu ed s lew time ~ 
compared with « id June because of abundant 
early spring foo ffecte the reason is unlik 

be ec i uny < is still occurring during the 





ing period. Vole migration at tl 














time a z bable since the new animals appeared in equally large number 
during the whole of the trapping period. The impression gained in the field was that at tl 
time one was dealing with an unstable population, not a fixed community as at other s¢ 
sons. Such an annual movement of voles, at this time of the ve would not be caused 
1 high population pressure, but might be a natural phenomenon bound up with adrer 
pituitary reactions caused by overwintering strain (Christian, 1950), and serving 
crease the range of the population before reproduction for the year was unde 

Although the proportion of sexes might vary marked any overnight capturs 
there might be variation in the ratio of sexes p t at any one trapping period, in the 
final fi *s for the whole period the sex os were almost « For Observatory Ridg 
there were 96 males per 100 nales 542 « ture f ykery Slope the rat g 
105:100 in 413 captures 

There was no significant difference between the numbe f times the different sexes 
were caught during any trapping period, or seasonally. In the autumn of 1949 and 195 
young were still being born during the November trapping period, since the traps at 
contained three or four young that had been born whilst the mother was trapped. It 
unlikely, judged by the February catches, that breeding continued throughout the enti 
winter in either of these yea 

The survival rate of the voles throughout the tw ears’ trapping illustrates the 
turn-over of the Microtus population. The majority lived le than six mont} 
female remaining on either area for as long ten months (Fig. 2 

Table 4 shows the percentage « ole , weight grade each saeson fro 
September, 1950 to September, 1951. A weight of eight or nine grams represents an anin 
that has come above ground shortly after birth. There was some loss of weight throug] 
out the winter, and those animals that weighed 13 gran probably came above ground for 


ight was mucl 





the first time at the beginning of December. As would be expected, gain ir 





more rapl 1 in the spr ind summer. Their state « pregnanc influenced the weight of 
the females. but both sexes were somewhat heavier on Rookerv Slone than on Observator 


tidge. The actual range of weight during each trapping period is shown in Tabl« 
Although on both Observator tidge and Rookerv Slope Microtus a. hirtus was the domi 
nant small mamm 1 num 


Table 5 


The A podemu sylvaticus caught on Observatory Ridge lived usuallv in Observator 


er of other animals were trapped in these areas, as seen i! 


Cops¢ Fig. 1), coming into the grassland to feed. Whilst the Microtus population was 


well established on the Ridge, A podemus was caught onl; 


in traps bordering the Copse. In 
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Fig. 2.—Analysis of the population of Microtu 


s agrestis hirtus on Rookery Slope and 
Observatory 


Ridge between September, 1949, and September, 1951. Key—Designs A-H 
groups of animals first captured as follows: A, Sept. 1949; B, Nov. 1949; C, Feb. 
Sept. 1950; E, Nov. 1950; F, Feb. 1951; G, June 1951; H, Sept. 1951. These animals 
traced in subsequent trapping periods by following the appropriate design. 
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refer to 
1950: D. 
may be 
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TABLE 4.—Weights of trapped Microtus agrestis on Observatory Ridge (above) and Rookery 
Slope (below 


PERCENTAGES 
WEIGHT RANGE OF 


DATE TOTAL CAPTURE 
8-13 gm 14-19 gm 20-25 gm 26-33 gm 

gm 
Sept. 50 16.6 23.3 46.6 13.3 9-28 ¢ 
21.0 47.3 23.6 7.8 8-26" 
Nov. 50 22.2 55.5 22.2 0.0 12-20 ¢ 
13.1 73.6 7.8 5.2 10-300" 
Feb. 51 12.0 72.0 16.0 0.0 13-25 $ 
2.9 32.3 47.0 17.6 13-286" 
June 5] 0.0 57.1 14.2 28 .4 14-33 ¢ 
0.0 100.0 0.0 0.0 14-199 

Sept. 51 18.0 74.0 8.0 0.0 8-24 
16.0 64.0 7.0 0.0 10-2247 

Sept. 50 16.6 16.6 41. 95.0 12-30 
10.0 30.0 40.0 20.0 ll-31¢ 

N 50 0.0 33.3 50.0 16.6 16-26 
15.3 69.2 15 0.0 11-22¢" 
Feb. 51 18.1 63.6 18.1 0.0 13-25 ¢ 
3.7 62.9 33.3 0.0 13-25." 

June 51 1.7 23.8 52.3 19.0 3-30 
0.0 50.0 95.0 25.0 15-30." 
Sept. 51 21.3 49.1 9.5 0.0 8-255 
8.8 44.] 47.0 0.0 10-24." 

September and November, 1950, when the numbers of Microtus were low, Apoden was 


trapped all over the Ridge. Thus when in November, 1949, there were 136 Microtus, onl 
7 ar 
67 Microti 


37 Apodemus were caught over the whole area. Again on Rookery Slope, lower numbers of 





Apodemus were captured near the Copse, whereas in November, 1950, wi 


Apodemus were caught in the autumn of 1949 than in the corresponding period of the 
lowing year when the Microtus population was lower, (Table 5). In both areas, Apode? 


ving space on this grassland only when 


appeared to compete successfully with Microtus for 


the numbers of the latter were low Clethrionomys was a rare visitor to these areas, found 





only on tree- or hedge-lined borders 

Shrews were commonly caught on both areas. They were seldom alive, and the trapping 
method employed must itself have kept their numbers much reduced. Pigmy shrews cou 
escape from the traps and the number caught does not give a fair sample of their popula 
tion on these areas 

Weasels and stoats were occasionally caught or seen, especially towards the end of a 
trapping period when there was a strong ‘“‘mouse’”’ smell in the traps. They were, with the 
little owl and the tawny owl, some of the natural predators present on the areas. Grass 


snakes were plentiful in summer and probably preyed mostly on the young voles that were 


still in the nests below ground. (No systematic error is introduced by mortalities in the 


capture and release method of trapping, provided deaths occur in equal numbers among 
marked and unmarked animals, and provided the dead animals are not replaced by un- 
marked animals from other areas). There were few deaths in the traps since precautions wert 
taken to see that there was always adequate dry food and bedding. Howard (1951), experi 
menting with Peromyscus, has shown that small mammals can survive freezing conditions 


provided they have adequate food and warmth. The most important precaution that had 
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TaBLe 5.—Complete list 





ULATIONS 


of trapped animals 


LETHRIONOMYS 
atid MICROTUS A A pipet nr SOREX SOREX 
HIRTUS us BRITANNICUS ARANEUS MINUTUS 
Rooker Slope 
Sept. 49 50 5 5 2 
Nov. 49 76 2 2 l 
Feb. 50 49 l 
June 50 l - ~ 
Sept. 50 44 22 2 8 7 
Nov. 50 23 13 ll 2 
Feb. 51 43 25 3 1 
June 51 33 3 3 1 
Sent. 51 05 3) 9 6 
Totals 222 201 12 30 5 3 41 20 
° R y P not 
sexed 
Observatory Ridge 
Ser 49 7] 4 14 4 
N 49 136 5 l 
Fe 50 23 - 
June 50 - 
Sant 1) 91 ) 5 l 
N 50 67 l $ } l 
I )] 70 18 $ 
June 5 ) 2 ] l 
Sept. 5 75 4 g 6 
I 8 266 7é { 4 3 t] 13 
A + 
10 
sexed 
Also: R vest ce (Micromys minutus soricinus). Sept. 
5 l Barrett-Hamilton), and 1 weasel (Mustela nivalis 
is. Linr idge—Se ’49, 1 weasel. Sept. ’51, 1 weasel, and one 
grass K 





when using the Oxf 


however 


prebait the traps during the daylight hours 


animals from dying of overheating. The num 
lands were relatively few. On Rookery Slope 
September, 1951, trapping periods, and three 


servatory Ridge one died in February, 1951 


SOUTH LOI 


n South Lodge Wood, a nocturnal-diurnal 


lemus 8. sylvaticus and Clethrionomys , tan 





wo mammals when trapped at regul 


Hayne’s population estimate again 


bers of Microtus 


intervals from September, 1949, 


Chitty and Kempson, 1949) was to 





of the summer months to prevent trapped 
that died on these two grass- 
ne died during the November, 1950, and the 

he June, 1951, period. On Ob- 


une, 1951 


IGE WOOD 


rhythm was well established between A po- 
nicus. Table 6 shows the population of these 


to June, 1951. 


gives more reasonable results than the other two 


methods and supports the field experience that the large number of traps and long trapping 
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TaBLE 6.—Populations of Apodemus and Clethrionomys in South Lodge Wood 


NO. OF TOTAL NO. O01 POPULATION ESTIMATE 
DATE NIMALS APTURES AND 
a RECAPSURES Hayne Lincoln Index | Jack 
A pode mus sylvat cus sylvatic 
Sept. 49 70 176 68 34 30 
Nov. 49 $9 191 53 48 29 
Feb. 50 24 72 23 38 14 
June 50 no record 
Sept. 50 37 67 47 7 29 
Nov. 50 80 139 103 51 110 
Feb. 51 104 237 114 72 58 
June 51 48 178 19 48 17 
( lethrionon / glarec l ta? 
Sept $9 61 166 62 39 25 
Nov. 49 50 152 51 21 40 
Feb. 50 29 W2 99 26 18 
June 50 no recor 
Sept. 50 17 31 9] 73 1 
Nov. 50 19 2 14 20 not pos . 
( ul 

Feb. 51 46 St xf 32 19 


period sampled a high percentage of the population. As expected, there was a mark¢ 


seasonal fluctuation, with the lowest numbers in those trapping periods that followed t 
winter. Results from the wood are less complete than for the two grassland areas because 


lack of adequate assistance made it impossible to study the wood in June, 1950, or in Sey 


tember, 1951. The numbers of Clethrionomys remained low throughout the whole of 1950 
not particularly because of natural causes, but owing to a series of daytime poisoning oper 


tions with ‘“‘Cimex’’, aimed at reducing the rabbit population. It very successfully reduc 
»f Clethrionomys that were active when the poison was at its maximun 


the numbers 


nmals were found dying in the 


tensity. A pode mus was less affected, but both small ma 


ll area of woodland there fter 


traps from this poison. It served to illustrate that in a sm: 
a close connection between the runs of the various mammals that usually live under the 
same bush or tree. Clethrionomys had made a good recovery by June, 1951, several mont! 


} 


after the poisoning had ceased 





Table 7 shows the number of times the animals were recaptured, with a final percent 
for the whole trapping period. There was no significant difference between the bel 
of the sexes. Although, as compared with Microtus, Clethrionomys and A podemus returned 
more readily to the traps from one to five times, even less were recaptured more than five 
times over the two-weeks trapping period. 33 per cent of the Clethrionomys were nevé 
captured and only about 2 per cent of them were recaptured more than five times. § 
39.5 per cent of the Apodemus were never recaptured and little more than one per cent 
them were recaptured more than five times 

, : +] 


The daily catches for Clethrionomys and ipo lé is in the wood, again showed 


new animals were entering the traps towards the end of the trapping period. Using Hayne 
population estimate, the number of animals that were considered to have escaped captur 


altogether in the area were as follows fo1 A poder und Clethriono nys respectivel) 
tember, 1949, 0 and 1: November, 1949, 4 and 1; February 1950, 0 and 0; Septemb«e r, 1950 
10 and 4; November, 1950, 23 and 25; February, 1951, 10 and 10; and June, 1951, 1 and ] 





‘ 
mu 
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TABLE 7.—Times of recapture. South Lodge Wood 
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ing periods (S Feb., 50). Two Cleth val one 
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N ik 1950, to June, 1951 
5S sum rises the pe entage g } nd A ] m Sep 
1950. t Ju 1951 { ¢ Ss sid eavic than { I Che 
y ges eacl g period show! 
l is no evidence, d g the ping e wood ere Vi 1 time of 
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ing period to b é 1 vit] é periments 
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Weasels, stoats and owls were the main natural enemies of the small mamm ils in South 
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Fic. 3.—Analysis of the population of Apodemus sylvaticus sylvaticus and of Clethrt- 
onomys glareolus britannicus captured in South Lodge Wood between September, 1949 
and June, 1951. Key—Designs A-G refer to groups of animals first captured as follows 
A, Sept. 1949; B, Nov. 1949; C, Feb. 1950; D, Sept. 1950; E, Nov. 1950; F, Feb. 1951; G, 
June 1951. These animals may be traced in subsequent trapping periods by following the 
appropriate design 
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TABLE 8.—We ight ranges of trapped animals from South Lodge Wood 


PERCENTAGE 











ATE WEIGH TOTAL 
8-13 gm | 14-19 gr 20-25 ¢ 26-33 gm 
Clethr nomy 
gm. 
Sant. 50 0.0 rr P| 99.2 0.0 14-25 
11.1 44.4 3.3 11.2 13-260 
No 0 18.1 63 . 18.1 0.0 )~2] 
7.5 50. ( 12.5 0.0 10-204 
Fel Al 158 Bn O 2-3 0.0 13-25 ¢ 
22.7 77.2 0.0 0.0 13-1997 
June 51 1.7 55.0 10.1 0.0 8-94 
»9 ) 64 14 {) 1) 0) Q 22 A 
iy 
~ By , ( 5.9 59 9 11 °7 16-29 
5.2 1.0 47 6 ] 9 
\ 51 13.5 Be 9 5.4 11~29 
69.7 et ROR 
Feb. 51 16.6 40.7 5.5 2-28 
10 0. 418.9 ).2 10-287 
} 5 i 0 592 4( ig 12-29 
=. 9 5 0.0 12-247 
ge Wood. Gr ~ wert é bal ed on 
ng in the Whe rapping f 1449. blu id great re occasion- 
ras we ra ed ] ] r ( r here was 
( ible in the v ( r ( Hill, 1 rrels were 
XQ e iT 4 T g i bat ] I y( vas 
i ed. Both r ¢ 9 a(S were trapped, 
in sm imbe I 158 n September, 1950 is exception 
y 
DISCUSSION 
populatior of small mammals can never seriously be ¢ onsidered to behave 


ALUM 


ner 


is consistently reasonable in its results 


de 
with 


ecol 


rease 1 


purely random manner Rodents are too highly evolved and exhibit too 


individual variations to allow of uniform behaviour. Their individuality 
: 


ilways strictly limit any method of estimating populations based fundamen 


; 


on a random sampling technique. It is better to attempt to mark the entire 


lation, using large numbers of long trapping period, 


traps and than to 


on mathematical calculat fev 
1949 the 


proportion of marked individuals observed on succeeding catches), 


A 


ions from a days sampling. Under these con- 


ms, Hayne’s method of estimating the population, (based on 


No statistical treatment has yet been 


vised that satisfies the theoretical mathematician and the mammalogist faced 


1 overwhelming variations in the field. As Allen (1949 
g 


through lack of practical methods, 


the 
finds it difficult to 


has remarked, 


1iOoOmik 


mammalogist, 
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acquit himself creditably in the job he has to do—the complexity of his problem If sui 


calls for different methods for each species and for each season and gives him winte 
no simple key to his problems ferin; 
The present work, based on exhaustive trapping of about a fortnight’s dura tial 
tion at each trapping period agrees with Manville’s (1949) statement that few the J 
small mammals escape capture altogether on any plot, provided the trapping smal 


period exceeds five successive days. Actually, the longer the trapping period In g 


the more chance the untrapped remainder of the population have of entering Hac] 
pI} poy g 


the traps, for the present work has shown that for the small mammals studied spe 


1 pod. mus sylvaticus, Clethrionomys glareolus. and Microtus agrestis), there is a Tl 


tendency for them not to return to the traps more than a few times. At the end bur 


of the trapping period, th 


le to th 





refore, the proportion of empty traps avai 








unmarked individuals is much higher than it was at the beginning of the trap he 


' : 9 ; 
ping period. Hayne (1949) found the number of “repeaters” less than he had 942 
expected, and when, as in the present work, the traps are moved daily withi: 

ps = | 
their quadrat, only a very low percentage of small mammals develop a “tray tor’ 


A seasonal fluctuation, quite distinct from longer cyclic phenomena, is a wel 


established fact for small mammals. As Elton (1942) has pointed out, any vol 


habit.’ | 
| 








population in Great Britain runs near the edge of biological safety in the spring 

The overwintering populatio1 must have survived a the ecologi al hazard 

during the non-breeding period and be sufficiently virile to establish a ne 

healthy community. The seasonal fall in numbers in the two years under review 0 

support Leslie and Ranson’s (1940) statement that the crucial section of the ( 

yearly cycle is within the months of March to June. Comparatively small d 

turbance the breeding cycle at this time, may cause violent fluctuati 

numbers. As is expected, within these seasonal variations, the autumn number 

of small mammals are usually higher than any others. Evans (1942), studying 

41 pod ? sylvatic and Clethrionon glareolu , col sidered his higher autum! 

catches to be due to the accumulated population caused by the continuati 

breeding, rather tha greater interest in the traps at th time of the vear. The | met 

present work shows that these small mammals are not more attracted to thi 

traps in autumn than at othe times of the year Hamiltor 1942) also f yund thers ' 

were two to five times as many small mammals in a woodland in the autumr vel 

as in the following spring | 
The behaviour of Microtus agrestis during the June trapping period was er 

| } 


explained on the assumption that at this time these voles were migrating 


and from new areas—the new community being built up from a few surviving | 
females, but mainly from new entrants into the area. The grasslands studied 
were not, at this time, affected by any agricultural practices in neighbouring 
areas. Since Observatory Ridge and Rookery Slope were left uncut, if vole 
moved in from neighbouring fields that were cut for hay (in late May then one 
would have expected a build-up of the population in these undisturbed areas ITO 
Whereas a fixed commu! ity was present on the grasslands at other times of the aed 


year, those Microius that were present in June appeared to be “in transit m 








BROWN—POPULATIONS 175 














migration does occur. it Fart ; hic + ‘ niw the deplete | ove? 
le population that through the rigour t has lergone may be sul 
n ondition that stimulates tl dre pitultar re tions (Chris 
0). If no major movements r at other times, then the majority of 
’ thir munit ive f 1 nth —_ Ac with the other 
u ot died an] few d ] vic | ¢ ] r more +} n ten n onths 
1 
results ryt ed ? the nrese t k re ery sity r to those of 
y Y 1OAS f 4 m4 na M I 1949 lO! 
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ps more than five tims ble t rteen times, and 
T oe f f TT e¢ f i} eT 11T 

fas g ; ning } mes 1 this 

e d he ext ned the I nese ‘ ( grating 
re } in ] i yt el e dittel 
the | F pping ‘ mt! red ‘ eT sons \ nen 
bers of M tus were low in the grasslands A poder spread into them 
ghbouring wooded reas, Dut the numbers f M yt increased, 
eft the grasslands and returned to the ds. The majority of these 


mmais survived n the eld, 10 xX mMontns or less rev ea tor more 
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than ten months. Their numbers were normally maintained by a high rate of 
reproduction 
Acknowledgments.—This work was carried out at the request of Professor 
J. W. Munro, Director of the field station, who showed interest in its progress 
A grant from the University of London Central Research Fund provided assist- 
ance during the second year. I am indebted to Dr. A. J. Russell for the botanical 
sur eys 
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Fic. 1.—Location of trapping stations. Trapping stations are indicated by solid circles 
and are numbered. Closely spaced parallel lines, graded road; broadly spaced parallel lines 
fence row; concentric circles, locations of rings of trapping stations. Concentric circles aré 
spaced at intervals of 50 feet 


The release mechanism consisted of a metal treadle supported by a wire pass- 
ing from side to side through the trap and its sides 0.25 inches above the floor and 
located 3.25 inches back from the entrance. A trip wire was soldered to the treadle 
near one side and on its upper end rested the door when the trap was set. Pressure 
on the back portion of the treadle caused it to fall, rotating the supporting wire, 
and drawing the trip wire from beneath the door permitting it to fall. A some- 
what larger trap would have been better for cotton rats but would have had the 
disadvantage of failing to take the smaller species 

It was expected that this type of trap would take but one individual at a time 
However, on six occasions two mammals (one of which was always a cotton rat 
weighing over 100 grams) were in the trap at the same time. Presumably the 
heavy cotton rats forced their way into the traps already containing smaller 
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removed after running them on 
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ls to become captive themselves. The large cotton rats ate three harvest 


1 one house mouse that were imprisoned with them, but failed to kill or 
immature cotton rats present with them and weighing less than 25 


traps were first put on the area on the afternoon of July 28, 1951, and 
August 25, 1951. The traps were placed at 


| through 100 for nine nights, then transferred to stations 101 to 200 


nights, and finally they were put at the remaining 77 stations. plus 23 


central part of the area was trapped 


nai stations, for seven nights Thus the I 


ring shaped area just outside of this was 


trapped next, and the stations 




















periphery last 
UTILIZATION OF COVER TYPES 
2 shows the extent of each of the seven principal ases Of cover occurring on the 
ind their distribution. Also shown are certain formerly graded roads. These were 
ised during the course of this study and parts of them were impassable. In many 
grass and a few weeds gr r their surfa except for a set of poorly defined ruts. 
ts ¥ known to have crossed the roads on a number of occasions and it seems 
hey served as rriers to any « he species inhabiting the area. There were 
ire deciduous trees in the northeastern part of the area growing along an old fence 
these were black rry (P erotina) trees and the other was a tulip poplar 
ilipifera). A grove of scrub pins niana), the larger of which were 
ears old and 15 feet in height, occurred in the west central part of the area. Neither 
g round the mature deciduous trees 1 that around the young pines was much 
he s! } mmals the rea. A rner o lence row entered the area on 
r ind It. was grown u St get I und the ip located Ir 0k 
of the land us¢e the are e reconst ted some degree. Originally 
i ised for agricultur yps. It is like howe hat no crops were raised on 
t least eight or te eal esa rs of tl Lge é esent. Grazing pe 
1ed for a few years after the land en out rops. Sheet erosion has been 
s no n pha ] getation. Gu erosl nited in extent and in 
ire the utilization of cove S s¢ ed by determining the trapping success 
er phas To obtain the upping su ss the number of stations located in each 
etermined. Then the number of nights during which a trap was in operation at 
n ¢ was determined. Next a count vas made of the captures at 
Fir g success for each phase was figured as the percentage of 
nights on which captures were made. These data are given in Table 1 
idy of the trapping success data in Table 1 shows that (except for the two species of 
for which the data are quite limited) each species was taken in some type or 
cover more tre juently than would be « xpe ted were the catches strictly propor- 
e number of trap-nights. The chi-square test may be used to determine whether 
im} bserved captures departs significantly from the number expected on a pro 
was taken more frequent] the late stage than in the early and middle stages, 
g taken with significantly greater frequency in the golden-rod and sassafras areas 
x?, 30.71; d.f., 1; P is < 0.0001). Reithrodontor was trapped with greater fre 
expected in the middle successional stage where blue grass and golden-rod 
te in one phase (2) and Johnson grass in the other (phase 3) (x?, 26.34: df., 1: 
) 0001 Sigmodon was more catholic in its habitat utilization than the other species, 
taken with disproportionate frequency in honeysuckle growths (phase 7 
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Fic. 2.—Cover map of the study area. 1, bare ground, lespedeza, and blue grass; 2, blu 


grass and golden-rod; 3, Johnson grass; 4, golden-rod and sassafras; 5, blackberry; 6, dew- 
berry; 7, honeysuckle. I-III, ares of circles inclosing centers of cotton rat abundance. X 
young pine; O, mature deciduous tree. Closely spaced parallel lines, graded road; broadly 
spaced parallel lines, fence row. Bold lines, cover boundaries. Concentric circles, locations 


f 
ol 


rings of trapping stations 


x?, 30.73; d.f., 1; P is < 0.0001). Mus used all three stages but was trapped with dispropo 
tionate frequency in the late stage (x, 7.64; d.f., 1; P is < 0.007 

The data available pertaining to Sigmodon are more extensive than for any other species 
and permit special treatment. When the captures of all cotton rats for each station ar 
plotted on a map it is observed that certain stations have disproportionately large numbers 
of captures. The traps at relatively few stations made five or more captures. It was found 
that all of the stations at which five or more captures were made were limited to three sepa 
rate centers. These three centers are indicated in Figure 2 by arcs of circles and are give! 
toman numbers 

The percentages of trapping success for each of the three centers are as follows: center I 
18; center II, 33; and center III, 23. For the entire area the percentage of trapping success 
was 15. By contrast the percentage of trapping success for the northeast quarter of the 
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BLE 1.—Percentages of trapping success in each of seven cover phases for certain small 
mammals (See Fig. 2 for explanation of cover phase numbers 
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yas only six. The “e in trapping success between these three centers and the 
rtheast quarter of the area is a highly significant one (x?, 68.32; d.f., 1; P is < 0.001). In 
rl f cover types the low tr upping success or the northeast quarter of the area is not 
usily explained. It seems to have the dispersion of cover found on centers I and II. The chief 
erences would seem to be the greater, unbroken, extent of the honeysuckle and the 
sence of mature deciduous trees that uld harbor birds of prey. The high trapping suc- 
ess in center III is surprising in view of the fact that it lies entirely within phases 1 and 3 
where verall t rapping success was either ave ge r below average It may be noted that 


enters II and III are devoid of trees while center I has some young pines growing on it, and 








here ¢ ven maiure deciduous trees n the northe t uarter of the area 
HOME RANGES 
lo determine the home range of a particular animal, all of the stations at which it was 
pped were plotted on a map of the area. The boundary of the home range was then arbi 
ra et at one-half of the distance to the nearest station at whi the animal had not 
ed. While the traps were not set grid, each was 50 feet from its neighbor on 
side in the same ring and usually a little more than 50 feet from the nearest trap in the 
ings to the outside and to the inside of it (Fig This method is essentially that of Blair 
Jour. Wildl. Mgt., 4: 149-161, 1940 


Home range data for Cryptotis proved to be difficult to secure. This was due in no small 


part to the high mortality that occurred throughout the course of this study. One female was 


trapped nine times. Its home range was found to be 0.57 acres. An adi 
4 ] +} ; 


imes had a home range of 0.41 acres. Doubtless 


lt male trapped five 


] 
1e home range of this male would have 


proven larger if it had been trapped more times. The home ranges of these two individuals 
coincide to a large degree. Witl , 


1in the home ranges of these two adults five immature in 
lividuals of this species were tr upped. No other adi 


ts were trapped within the home ranges 


ese two, but two adult fema in different traps were 100 and 150 feet outside of the 








A} 
above home ranges. Each of the other species known to occur on the area, except Peromyscus 
eucopus, was taken within the home ranges of these two shrews 


} 
/ + 


One adult female Reithrodontomys was taken eight times and always at a different station 





When it was first captured on August 1 it w arently nursing and at the conclusion of 





the studv it had swollen uterine horns, but no visible embryos. The home range of this 


ndividual was surprisingly large, 1.65 acres. The home range of another adult female taken 





six times was much smaller, only 0.42 acres. The home ranges of a number of adult females 


verlap in part (to judge from a number of incomplete home ranges), although each female 
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appears to have a considerable part of its home range that is distinct from that of other 
] . 
ii 


adult females. The partia 
adult females 


Only one home range determination was secure 
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cotton rats. Sigmodon, 15 died; 14 due to high temperatures and one was killed in handling 
Mus, two were killed in traps by cotton rats. All of these deaths were a consequence of trap- 
ping activity and are thus not natural mortality. Nevertheless, the disappearance of these 
individuals from the population may have resulted in an influx of new individuals into the 
study area from the outside. In making calculations of population density these dead ir 
dividuals have been included as a part ol the popul ition 

It is essential in determining the population density of the small mammals using a par 


ticular area to make some allowance for the fact that parts of the home ranges of some of 


the individuals on the area will lie outside of the area A circular study area such as the 


one used in this study must be treated in a manner distinct from that used for the more 




















often studied rectangular areas. A formula for calculating the density of a small mamn 
population using a circular area is given by Stickel (Jour. Wildl. Mgt., 10: 150-159, 1946 
In applying this formula, an area is added to the study plot which is related to the average 
diameter of the home rangt 

A circular study are 4 used 1 ollowing the thnod ¢« Sticke oc. cul howeve 
t the conclusion of this study it w felt that rectangular study area would have beer 
easier to establish and would have permitted readier deter? ition of home range ar 
populati 81zes 

An important result of using the Stickel formula is that the size of the area use 
calculating the population density is enlarged beyond the actual 14.6 acres of the study are 
in proportion to the size of the home range of each species. Thus the size of the area us¢ 
in calculating the densit of the populatior varied fror ut 18 acres in the case of / 
of the home ge was known to differ significantly in the two sexes, the sizes of the tw 

eas used in computing the populatio lensitis ric proportionally. being 21.4 acres 

for the male and 19.6 acres for the female 

The population de the specie gu 1 ea are listed in Table 2 
The total populati density of sn , } tudy art s 8.3 individuals | 
cre. The population density figure ( ist he ind luals which were 

ped on the ( nd tl now! be pres¢ It became apparent during tl s 
or ti stud that there ist iditio dividua ( the ea that were n¢ be g 
trapped. U1 the headin st te lividu the right Table 2 apps é 
population figures for each species afte itllowance has been made for the segmer f the 
population which was not trapped. The estimated total population of each species has beer 
divided by the same area figures used in calculating the density of trapped individu 
obtain an es xd density of individuals per acre 

As noted earlier the statio vere trapped three group entral grouy ¥ 
ring-shaped ones outside of it. At the close of tr pping u ch of the three groul f P 
new unma 1 individu were being take During f three d of trap ' 
the central group the average percentage of marked cotton rats was 68. The findings of 
the final three days of trapping in the next outer group also showed that an average 
68 per cent of the ec ts taken were marked, wuile a similarly obtained figure for tl 
outermost group w ent. The number of trapped individuals of species other thar 
Siqmodon was too small to give reliable data for most species. In all of these five species 
except Reithrodontomys in which almost 60 per cent of the individuals trapped were marked 
less than 50 per cent ol the individuals taken were marked 

At the close of the live-trapping it was decided to carry out four days of removal-tray 
ping in an attempt to determine the proportion of marked animals on the area. The re 
moval-trapping was begun on August 22 and completed on August 25. During the remova 
trapping all of the live-traps were placed in the northwest fourth of the area. Each day 


all of the mammals trapped were taken from the area, examined, and placed in formal 





For the last two nights snap-traps were also used. During these final four nights a tota 


of 45 small mammals was taken. The total number of individuals of each species and the 


number of them that were marked was as follows: Cryptoti 


7 taken, 3 of them marked; 
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Reithrodontomys, 3 taken, 2 marked; Peromys« leucop 1 taken, unmar nuttalli, 
} taken, 1 marked; Sigmodon, 25 taken, 17 marked; and Mus, 6 taken, 1 
These dat 4 provide a measure of the unmarked prop rtion of the population of the area 
For Sigmodon the number of captures is large enough to be relatively reliable. Since 17 of 
25 Siqmodon taken were marked it indicates that 68 per cent of the cotton rats on the 
rthwest quarter of ea had been take lu he period of live trapping. This per 
entage agrees ¥ 1] with the three (68. 68 id 84) obtained earlier in the three groups of 
itions which were checked for the percentage marked Sigmodon. This proportion of 
ked to unmarked animals was applied to the total trapped population of Sigmodon to 
secure alue for an estimated total populatior follow 105:x::17:25. Thus, the esti 
t tal x nulatior i S Ld54 
The number of individu taker } f the species other than Siqmodon is quite 
Rather tl} trust the p tio } 7, t } ser ed better to lump the 
f individu a , ' v6 ror tion. Seven of the 20 small mammals 
} g leg i +} Pea rl ] This proportion 
used in the ca each of t e spr to esti te the total population (x). Thus 
¢ T uted D yu f ¢ t he foll ing equation 
} ng fi; { 7 ( { 
T eatir ] i ice rtu | certallr 
; ) The « ite mulation 
1 ) pped 
‘ } r . he sh 1 tha 
l 
RR ] ned 1 marked The 
| ‘ he han S , he 
' } } ] r the the not clear 
rh, +: } , o ton 
| n thar 
tig F A ( f this 
g r { hile , 62 
e : 
CTTATAAT 
ep ) t ping { the sn mammals 
r e nik ’ hand 1 ne | ( ennesses ) vhicl 
Ty . nliant ere ‘ | To} n oT roldel od. T } k 
' ’ and hong . I he 1 . me ¢ reg \riy used the 
: Cryptot parva. Reithrodor } Peromyscus leucopu Pero 
nuttall Ssamods 1 lf SOV eT nh sec Of egeta 
. , 
t ire recognized and the ut I he pecies is measured 
terms of trappil eg eas 
An adult male Crypt had a home 0.41 acres based on five captures 
lult female had a home ( { 0.57 re hased o ne pture One 
idult fen eR hrodor ” had home oe | 6) acre yased o1 eight up 
ture unother adult female had a home rang f onlv 0.42 acre nased on six 
aptures. Seven adult male Siqmodon home ranges averaged 0.85 + .13 acres; 
evel adult female Sign odor home range ive! ued 0.44 t 07 acres 


A total of 166 small mammals was trapped on the area. In addition to the in 
dividuals actually trapped there was a group of individuals that were not trapped. 
\t the close of the study a sample ol 5 individua was taken and the ratio of 


the marked individuals to the total number taken in the sample was obtained. 
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This ratio was then used in conjunction with the total trapped population of 
each species to obtain an estimate of the total population of each species utilizing 
the study area. Below are given the trapped population of each species followed 
in parentheses by the estimated population: Cryptotis parva, 14 (40); Reithro- 
dontomys humulis, 21 (60); Peromyscus leucopus, 7 (20); Peromyscus nuttalli, 
3 (9); Sigmodon hispidus, 105 (154); and Mus musculus, 16 (46). Trapped and 
estimated (in parentheses) population densities in terms of individuals per 
acre were as follows: Cryptotis parva, 0.7 (2.0); Reithrodontomys humulis, 0.9 (2.5); 
Peromyscus le ucopus, 0.4 (1.1); Peromyscus nuttalli, 0.2 (0.5); Sigmodon h ispidus, 
5.2 (7.6); and Mus musculus, 0.9 (2.5). Total trapped population density was 
8.3 small mammals per acre and the total estimated population density was 16.2 
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SKIN GLAND ACTIVITY AND PELAGE DESCRIPTIONS IN MOLES 
By W. Rosert Eapie 


For many years, pelage descriptions of American moles have been confused by 
the fact that brownish, golden, yellowish, or olivaceous tints on the snout, chin 
wrists, and various other parts of the body have been used to partially char- 
acterize various subspecific forms. It will be shown here that, in three genera and 
possibly a fourth, these colors are produced by the secretions of skin glands, that 
these are not true pelage colors, and that they should not be used as diagnostic 
taxonomic characters. The stains produced by these colored secretions are quite 
persistent on the hair, and sometimes cover extensive areas of the pelage. This 
is especially so in the breeding season when the glands appear to be most active. 
At other seasons the stains may be quite limited, or even absent in fresh pelage 
Jackson (1915:17), in discussing individual variation in moles, regarded these 
“chromatic variations” in Scalopus as “due to mutations of color’ and pointed 
out their wide and frequent occurrence in that genus. In discussing white spotting 
or “partial albinism”’ he points out that the creamy or brown tinge of white spots 
may be due to “glandular or other stains.’”’ He states further, ““Blotches in other 
specimens range from cream color to shades of buff, orange, and brown, and show 
clearly that they are due to mutations of color.”’ 


Most often these described blotches or areas of color occur, significantly, in 
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those regions where specialized skin glands are found to be present in some 
abundance: the dorsal snout, the chin, the breast and abdomen, the wrists, and 
the perineal region. 

In 1939 (Eadie) it was pointed out that specialized areas of the skin glands 
are present in Parascalops, the distribution of the glandular areas was briefly 
described, and the character of the skin glands illustrated. At that time also 
reference was made to the possible taxonomic confusion resulting from regarding 
these stains as constant color variations in various genera of moles. Since publi- 
cations as recent as 1953 still refer to these colored areas as partially diagnostic 
in mole taxonomy (Davis, 1942; Cockrum, 1952; Goodpaster and Hoffmeister, 
1952; Schwartz, 1952; Pournelle and Barrington, 1953; and others) it seems ad- 


visable to treat the subject in more detail at this time. The results of a study of 


specimens available to me from three genera of moles (Parascalops, Condylura, 
1 Scalopus) may help to clarify this situation 
In breeding specimens of all three genera histological sections of the skin from 


selected regions of the body showed a similar pattern in the distribution of the 


skin glands. Sebaceous glands were found to be distributed normally in associa- 
tio! vit} the hair folli le s of all regions and no areas of greater abundance or 


enlargement of these glands were noted in association with normal hairs. Glands 


of the sudoriferous type were more variable in their distribution, abundance, 


re. It was apparent in all three genera that glands of this type were more 
numerous and larger in areas where colored secretions appeared most intensely, 


on the snout, chin, and wrist areas. The glands seemed to be less abundant and 
smaller the skin of the breast and abdomen, and least abundant on the skin of 
the back and sides 
In a freshly-collected male specimen of Condylura at the height of the breeding 
ason, a close examination showed the presence of dried flakes of secretory mate- 
rial among the bases of the hairs in the colored areas. This golden-brown mate- 
had a curious resemblance to the ceruminous wax of the human ear—both 
in texture and color 
An almost completely albinistic male specimen of Condylura from Michigan, 
ected October 3, 1952, provides a splendid example to illustrate the distribu- 
tion of the glandular stains as well as the true color of the stain when not masked 
by the normal dark pigment of the hair. In this specimen only the tactile hairs 
of the head and the stiff hairs of the tail are heavily pigmented. There appears 
to be a small amount of brown pigmentation in the body hairs. What would 
normally be pure white or creamy fur on the body is regionally and beautifully 
stained with varying shades of golden orange. The most intense stains on this 
specimen are ventrally on the chin, breast and wrist areas, and dorsally on the 
] ] 


head and shoulder regions. Posteriorly, the color is less intense dorsally until the 


rump area is reached where the color strengthens again. Laterally, the color is 
almost absent posterior to the shoulder and forearm area. Ventrally, the color 
fades caudad, but strengthens toward the perineal area. There is an isolated 
spot of intense color midway on the abdomen to one side of the midline. 

Close examination shows that the hair in some areas is stained intensely to the 
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base, while in others the stain is visible only on the terminal two-thirds of the 
shafts. This is interpreted as meaning that, when collected, some areas were 
actively glandular, while others had ceased activity, the unstained hair bases 
indicating hair growth subsequent to the cessation of the production of the col- 
ored secretion in those areas. Under magnification, the stain can be seen coloring 
the hair shafts, and, in areas of intense secretion, particles of dried, colored secre- 
tion can be seen. Some of the hairs were matted together by the dried secretion. 
The evidence from this specimen is interpreted as indicating that the 
sudoriferous glands of the entire body surface are capable of producing the 
colored secretion, possibly under the influence of sex hormones. The variations 
in intensity of coloration in different regions are due in part to differences in the 
numbers and size of the sudoriferous glands, and, possibly, to a differential 
response of the glands of various regions to the influence of sex hormones. 


PARASCALOPS 


In Parascalops, in addition to the perineal gland area (Eadie, 1947) there 
are four general areas where colored secretions appear most intensely. These are 
the dorsal surface of the head at the base of the snout, the chin, the throat and 
abdomen, and the wrist region. In these areas the hair is often stained a golden 
brown. Sometimes the hairs are stained for their entire length, but often only 
the basal portions are stained. As indicated above, the secretion in these areas is 
apparently produced by enlarged and modified sudoriferous glands opening 
individually on the skin surface (Eadie, 1939). The hair over these glandular 
areas appears normal in texture and length, although at times of intense secre 
tion, as in the breeding season, the hair of the chin or breast region may appear 
matted. 

A study of 91 specimens from the Northeast, either freshly trapped or as 
museum skins, gives information on the seasonal occurrence of the secretion and 
its correlation with breeding condition, sex, and age 

It was immediately apparent that the activity of the skin glands was greatest 
during the breeding season, which reaches its height during late March and early 
April in the Northeast (Eadie, 1939). Thirty-one males and 14 females taken 
during these months showed heavily stained hair. The stained areas were gen 


erally more extensive and more strongly colored in the males. During this period 


most of the ventral fur was sometimes colored, especially along the midline in 
males. The odor of the moles is particularly rank at this time. 

During May and June the glandular stain was still evident in all adult males 
taken (seven specimens), although not generally as intensely colored, or as ex- 
tensive, as in March and April. During this period the testes decrease markedly 
in size to less than half the length of those of March specimens (Eadie, 1939: 
164), and it appears that the reduction in activity of the skin gland areas in the 
male is associated with the cessation of sexual activity. 


The glandular stain on adult postpartum females (five specimens) becomes 
scarcely visible during May and June. By the end of May, these moles have 
generally completed spring molt (Eadie, 1939), and variations in the amount and 
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extent of stained fur on females may be correlated to some degree with the 
progress of the molt, the old stained fur being shed and replaced with fresh 
new fur 

Immature moles appear in the tunnels for the first time in June (ten speci- 
mens), and show no trace of the secretions until August or September (ten speci- 
mens) when a light stain may appear on the wrist, chin, and perineal areas. 

From late summer through December, moles of both sexes and all ages may or 
may not exhibit stained glandular areas, but they are never stained as exten- 


] 


sively, or as intensely, as in the breeding season. The presence or absence of 


visibly active glands at this season seems to be correlated to some extent with 
the fall molt, freshly molted individuals showing little visible trace of the secre- 
tion although it may sometimes be detected by examining the very base of the 
new hairs in the principal gland areas. 

\ lack of specimens from January and February makes it impossible to state 
when increased activity of the skin glands begins, but a March 7, male specimen 
from Pennsylvania shows only a trace of stain, while New Hampshire specimens 
from March 23 through the breeding season exhibit heavily stained areas. 

Of the colored areas mentioned, the wrist area seems to be the most persist- 
ently active outside of the breeding season since 13 of 20 specimens examined 
from August to December showed stained fur in this area, while in only seven of 
the 20 were the chin hairs stained. None of the 20 were stained on the dorsal 
ut area. One male adult taken on December 7 was in fresh, new pelage and 
showed no glandular stains in any of the areas 
Dp 


Che perineal glands of Parascalops (Eadie, 1947) are a pair of large discrete 


glands lying between the skin and the underlying body muscles in the perineal 
region, and deliver their secretion by four openings on the anterior lip of the 
rectal papilla. The color of the secretion is more olivaceous than that of the other 
and areas and the stained hair is not as golden brown as in the other areas. 
Prepared museum skins are not entirely satisfactory for detecting the activity 
perineal glands because the exact region is often incised and sewed into the 
skin in its preparation. However, field notes on fresh specimens and a study of 
museum skins showed that the perineal stain was present on the hair of this 
region in some moles of both sexes in all months for which adequate specimens 
were available. As with the other colored areas, the stain was strongest in the 
breeding season and less intense at other times of the year. Its presence was noted 
in the months of March, April, May, June, July, August, September, and Octo- 
ber. One adult male from December in fresh, new pelage showed no trace of the 
stain. There were no adequate specimens for November, January or February. 

Immature moles, on the basis of the criteria used, did not exhibit perineal 


gland activity until September when they were about four months old 


CONDYLURA 
The general pattern and occurrence of skin gland stains in the pelage of 
Condylura follows that of Parascalops, as far as can be seen from the material 
examined. Field and laboratory notes on 19 fresh specimens and the examination 
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of 14 additional specimens as museum skins show that glandular areas in the 





dorsal head region, the chin, the wrists, and the perineal region are most active fi 
in the breeding season, during April, May, and June in the Northeast. At this g 
period the fur on the head, chin, breast, forearms, and entire venter to the peri- D 
neal region was sometimes colored with a golden stain. This was strongest on the 
head, chin, and wrist areas, but in some specimens the breast and abdominal 1 
hairs were also stained from base to tip, although less intensely. In some fresh a 
specimens from the breeding season, the stain was limited to glandular areas on f 
the head, chin, and wrists. This was also true of all the museum skins, some quite 
old, perhaps because of fading. ’ 
Unpublished data indicate that the breeding season in Condylura extends over I 
a longer period than does that of Parascalops, possibly from March through 
June at least. A gravid female taken June 10 was strongly stained on head, chin, { 
and wrists although this old museum skin showed no general stain on othe1 
parts of the venter. A fresh, male adult taken May 29 showed a general, golden 
wash of color over head, chin, breast, shoulders, and wrists. New fur was present | 


on the central abdomen, and may have replaced old stained fur. Male adults 
collected August 21 and November 7, 11, and 27 had circumscribed stains on 
the chin areas and faint stains on the wrists. An adult female in new pelage on 
November 2 had a limited stain on the chin only. A female collected on January 
25 had light chin and wrist stains. 

Juvenile moles from June and July showed no glandular stains in any of the 
areas, but four collected on September 4 (3 females and 1 male) showed glandula 
activity on chin and wrist areas 








Activity of the perineal glands (Eadie, 1948) as shown by stained fur was not 
commonly detectable in museum skins, but fresh specimens of both sexes showed 
some glandular activity in this region throughout the months represented, from 
April to November, with the exception of juveniles in June, July, and August 
The museum skin of a January female showed faint perineal stains 

In 1940, Smith described Condylura cristata nigra from Nova Scotia. In addi 
tion to some diagnostic features of the skull, he characterized this form on the 
basis of pelage, stating that C. c. nigra was blackish dorsally in winter pelage 
rather than brownish as in C. c. cristata, and darker gray with less pale brown 
ventrally. With skin gland coloration in mind, these described pelage differences 
may require reassessment 


SCALOPUS 

Examination of 177 museum and cased skins of the genus Scalopus, as well 
as several fresh specimens, showed that specialized skin glands were active at 
times in the same areas as in the genera Parascalops and Condylura. In addition, 
there was an area of glandular activity surrounding the ear opening that was not 
seen in those two genera. 

Specimens of Scalopus aquaticus aquaticus, S. a. howelli, and S. a. australis 


were examined, but most of the information on seasonal occurrence and correla- 
tion with age and sex came from a series of 160 cased skins of S. a. machrinus 
collected by Clinton Conaway, University of Wisconsin. 
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The general pattern of seasonal occurrence and correlation with age and sex 
follows that for Condylura and Parascalops. The most intensive and extensive 
glandular stains were seen in adults of both sexes in breeding condition, but were 
most pronounced in males. The areas of glandular stain were graded as “‘strong’’, 
‘light’’, “trace”, or “none” for each specimen, and arbitrary numerical values of 
10, 5, 2, and 0, respectively, were assigned to these grades for the chin and wrist 
areas. The head area was not included because it was so rarely stained in adult 
females. 

The total numerical values for all adult specimens of Scalopus aquaticus machri- 
nus of each sex were averaged for each month represented by an adequate 
number of specimens, and plotted by months on a scale of ten. The results 
Fig. 1) illustrate the greater intensity of the stain in adult males, especially in 
the breeding season. The general decline in activity of the glandular areas in 
both sexes after the breeding season is also shown. The numbers of specimens in 
this series from August to November for each sex was too low to chart. but the 
general pattern of gland activity during this period is supported by a series of 
17 museum skins of various subspecific forms of Scalopus aquaticus. 

In addition to greatest intensity of stain on chin and wrist, adult males in the 
breeding season showed much more extensive stains, the breast and abdomen 
frequently showing pronounced glandular stains. Often in breeding males the 
head was stained also, while it was rarely stained, and then only lightly, in the 
breeding females examined. Of five females in proestrus or estrus, only one was 
strongly stained in the usual gland areas, the others, lightly. Pregnant and post- 
partum females showed only light stains that appeared to be old stains, indicat- 
ing cessation of gland activity at this period 

Adult males and females from August through November usually showed very 
light stains on chin and wrist areas, but not often on the head. Glandular stains 
rarely appeared on the breast or abdomen of males at this time, and then ap- 
peared to be old stains. 

\ few adult moles in fresh new pelage showed little or no glandular stains in 
late spring or in the fall, perhaps because of recent molt. 

Immature specimens of both sexes in May or June, when they were possibly 


me or two months old, showed no trace of the glandular stain. By July 
some immature specimens of both sexes showed traces of the secretion on the 
wrist areas, and by early fall most showed traces on the chin area also. One 


22 was strongly stained on wrist, breast, and ab- 


immature male on October 
domen, but only lightly on the chin. One immature female collected November 16 
was strongly stained on the chin, but only lightly on the wrist area. Some imma- 
ture moles collected near these dates showed no stains. It is possible that the 
strongly stained immature specimens were early-born young that were approach- 
ing puberty in the fall of the year. There may be a spread of several months in 
the period of birth of these moles (Arlton, 1936) which might account for varying 
degrees of glandular stain in immature moles in the fall. Clinton Conaway 
in litt.) has some evidence that spermatogenesis begins relatively early in young 
moles from Arkansas. This was true in a small series of winter specimens (No- 
vember to March). 
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Fic. 1.—Intensity of glandular staining in 107 specimens of Scalopus aquaticus machrinus 
from February to July. Intensity graded on a scale of 10 by sexes. Shaded columns, males: 


unshaded, females. Number of specimens averaged for each month shown at top of columns 


An adult male Scalopus aquaticus machrinus, taken in Wisconsin on May 16, 
1937, by Philip L. Wright, is described in more detail to illustrate the general 
pattern of the glandular areas and stains in this genus. The head from the base 
of the bare snout upward toward the eyes is strongly colored. The chin, breast, 
and a mid-ventral strip back to the perineum are washed with a brownish stain, 
which is brightest and most intense on the chin. Close examination of the chin 
shows an area of about one centimeter diameter where the hair is deeply stained 
to the base. This is apparently one of the principal active gland areas in this 
specimen. Beyond this point, on breast and abdomen the hair seems to be stained 
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at the tips only, but careful scrutiny with a dissecting microscope shows the 
presence of basal stains and minute flecks of dried secretion on the skin. At the 
wrists, there is a strongly stained area that appears to be most intense ventrally. 
There is a small area of stained fur, three or four millimeters in diameter, sur- 
rounding the ear opening. 

Although partly obscured in the prepared skin, there is an area of intense 
staining at the perineum. The color in this region is not as brownish and appears 
more olivaceous than elsewhere. A relatively enormous perineal gland is present 
in this region as a discrete gland. This will be described in more detail elsewhere, 
but the size of this gland would indicate great potentialities for staining the fur. 
The seasonal occurrence of this stain could not be traced in prepared skins. 

It is in the genus Scalopus that skin gland colorations have produced the 
greatest confusion. Jackson’s review of this genus (1915) especially his ‘“Key to 
the Species and Subspecies of Scalopus,’’ may be quoted in part in this connec- 
tion. For separating the subspecies Scalopus aquaticus anastasae from S. a. 
howelli and S. a. australis, the following key characters are used: 

“d.! Color golden sepia; face, chin, and wrists bright zinc orange; geographic 
range Anastasia Island, Fla... Scalopus aquaticus anastasae (p. 39). 

“d.2 Color not golden sepia; face, chin, and wrists not bright, zine orange.” 
Under this heading howell and australis are further characterized. 

Further on in the key the following appears: 

“f1 Nose and ankles tinged with ochraceous, ...Scalopus aquaticus inter- 
medius (p. 49 

f.2 Nose and ankles not tinged with ochraceous, but usually with ivory 
yellow ...Scalopus aquaticus caryi (p. 48 

Bangs’ (1898:212) original description of the Anastasia Island mole (S. a. 
anastasae) describes gold and orange suffusions, especially on the face, chin, and 
wrists, as distinguishing characteristics of this subspecies 

The original topotypes examined by Jackson (op. cit.) were collected on 
February 12-16. In his review of this subspecies, Jackson was puzzled by the 
fact that four specimens collected only two or three miles away from the type 
locality, January 25-29, were very unlike Bangs’ specimens, having no gold or 
orange suffusions. Jackson stated that these specimens could not be separated 
by skin characters from S. a. australis of the mainland. More recently Pournelle 
and Barrington (1953) collected a mole (sex not given) from Anastasia Island on 
February 29 that possessed the ‘‘gold and orange suffusions” of Bangs’ specimens. 
Jackson (op. cit.) postulated that the differences in pelage described were due 
to a quick molting change to full winter pelage between the dates of collection 
of the two series compared. It appears that the difficulty is easily explained by 
the probability that the specimens taken in February were approaching or in 
breeding condition with consequent intense activity of the specialized skin glands 
on snout, chin, and wrists, which resulted in the “gold and orange suffusions’’. 
It is probable that the January specimens had not reached breeding condition 
at the time of collection. Even in the limited series (six specimens) of S. a. aus- 
tralis from Georgia available to me there is an adult male collected June 21 that 
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possesses strong “gold and orange suffusions’’ in the described locations for 
anastasae, as well as generally on the venter. There is also a lactating australis 
female collected July 20 (recent partus) that shows these stains to a lighter 
degree. 

Since pelage characteristics seem to have played so large a part in the differ- 
entiation of the subspecies S. a. anastasae from S. a. australis, and these char- 
acteristics are in all probability essentially invalid because they are seasonal 
glandular stains common to both forms, there is good reason to doubt the validity 
of the subspecies S. a. anastasae. While Jackson (op. cit.) described some possible 
qualitative differences in the skulls examined, the number involved (8) is too 
small to give these slight differences much weight. 

The color differences, quoted (above) from Jackson’s “Key” that differentiate 
the subspecies S. a. caryi and S. a. intermedius are probably invalid for the same 
reasons, although no specimens of these moles have been examined by me. The 
other differences in pelage and the differences in skull characters may, in this 
case, be valid enough to differentiate the two subspecific forms. Cockrum (1952), 
who has most recently examined specimens of these forms from Kansas, appears 
to feel that this is so. 

It may be pointed out here that in color descriptions of all other forms of 
Scalopus aquaticus, the glandular stains confuse the descriptions and give an 
impression of excessive variability in pelage colors. Recognition of many of these 
variations as glandular stains should clarify somewhat the status of these forms 

The genetic character of white-spotting seems to be rather common in moles 
of the genera Parascalops (Eadie, 1939) and Scalopus (Scheffer, 1911) and serves 
to confuse further the pelage descriptions of moles. Examination of such white 
areas in Scalopus aquaticus machrinus shows that they are often stained by glan- 
dular secretions, which may persist long after the breeding period. The hair of 
these creamy or golden spots shows no pigment when examined microscopically 

There are indications that some individual moles (especially males) may have 
the skin gland areas more extensively developed than others. Scheffer (1911), in 
discussing S. a. machrinoides, mentions “‘at least two that were suffused all over 
with rich golden brown’’. Bangs (1896) described a mole from a single Oklahoma 
specimen that was a rich, coppery snuff brown all over, and named it S. teranus 
aereus, ‘‘the coppery mole’. Only the type specimen was available to Jackson 
(op. cit.) and he considered its exact status as “unknown”’. It is quite possible 
that the color of this peculiar specimen was due to glandular stains although 
Bangs, in his original description, specifically states that it was without gold 
and orange suffusions and grayer on chin and throat. Hall and Kelson (1952 
have recognized the abnormal nature of this single specimen and have placed 
other local moles in synonomy with it, giving priority to Bangs’ name and call- 
ing the local subspecies, Scalopus aquaticus aereus 


In fresh specimens from the 
breeding season in the genera Parascalops, Condylura, and Scalopus, I have 
noted marked differences in the extent and degree of glandular staining of the 
fur. These variations in extent and degree of glandular stain are understandable 
if we postulate that the activity of the glands producing these stains is associated 
with the output of sex hormones, which seems a likely possibility. 
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It should be remembered that any genetic factor resulting in a reduction of 





the amount of normal pigment will allow a greater expression of the color of the 


glandular stain. This may account for the peculiar color of some of the aberrant 


specimens that have been reported 


One male specimen of Scapanus townsendii collected March 2, in Oregon, 
] 


showed intense glandular staining on a small area of the chin only. No others 


have been examined 

\ perusal of Jackson’s (op. cit.) treatment of the genus Scapanus does not 
ndicate any serious difficulties through lack of recognition of glandular stains 
ch. Nevertheless, the presence of such gland stains is indicated in the de- 


tailed color descriptions, although the stains do not appear to be as extensive 


aS 1N the genus Scalop Ls 
In the winter color description of Scapanus townsendii the following phrase 
. rT , —" : 4] : } +} , ” he Me 
appears: .. underparts... frequently stained with brown’. For Scapanus 


schefferi, (under ‘‘Remarks’’) there appears the following ‘‘On the face 


the type specimen is a small spot of ochraceous-buff and a faint wash of the 








same color on the throat. Similar chromatic abnormalities crop out in several 
specimens from the type locality. ...”’ In a description of the color of the type 
specimen of Scapanus latimanus grinnelli there appears, ‘ stained on the 
throat and chest with Dresden brown’’. Under S. |. dilatus these phrases occur, 
‘Upperparts . . . in some specimens becoming more brownish on the nose; under- 
parts sometimes tinged with light drab and occasionally stained in mid- 


ventral line with Dresden brown 


here are additional references to these brownish discolorations, but those 
given are sufficient to indicate the prol ability that the genus Scapan 48 possesses 


‘ional specialized skin glands that may discolor the fur seasonally 

I have no information on the presence or activity of specialized skin glands in 
the genus Neiirotrichus, although discrete perineal glands are present as in other 
moles (Eadie, 1951), and may possibly stain the perineal region and portions 


the venter with the secretion 


SUMMARY 


Pelage descriptions in American mole genera, especially Scalopus, have been 





nfused in the past because temporary stains from the secretions of specialized 





skin glands have been mistaken for permanent color patterns. The status of the 


t 


because of this and some 


subspecies Scalopus aquaticus anastasae is in doubt 
others may need reassessment 

Seasonally enlarged, and apparently specialized, sudoriferous glands occur on 
he head, chin, wrists, venter, and possibly other regions of Parascalops, Condy- 
and Scalopus, and produce brownish or yellowish secretions that stain the 
fur. The production of these secretions appears to be correlated to some extent 


with age and breeding condition. The presence of similar glands is suggested 
lor scapanus 


f 
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The large, discrete, perineal glands of moles also discolor the fur in some 
degree. 

These glandular stains, coupled with genetic reductions in the amount of nor- 
mal pigment, may account also for the peculiar color of some aberrant specimens 
of moles reported in the literature. 
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OSTEOLOGIC CRITERIA OF AGE IN BEAVERS 
By Rautpx A. ROBERTSON AND ALBERT R. SHADLE 


Data on the age determination of beavers have appeared recently, and this 
paper is presented to offer further data and to suggest other methods for deter- 
mining the approximate ages of beavers, Castor canadensis Kuhl. The present 
work is concerned with progressive changes in post-embryonic cranial and extra- 
cranial structures and will supplement the works of Morgan (THE AMERICAN 
BEAVER AND HIS WORKS, Lippincott: 51-72, 1868), Taylor (Univ. of Calif. Pubs., 
12: 413-495, 1916), Friley (Jour. Mamm., 30: 261-267, 1949), and Osborn 
Jour. Mamm., 34: 27-43, 1953). 

The authors wish to thank District Game Manager Robert Perry of the New 
York State Conservation Department, and the Allegany State Park Commission 
at Red House, New York, for fifty-two flayed carcasses of beavers, and also 
Dr. Kenneth H. Eckhert, Buffalo, New York, for the generous donation of the 
use of his radiographic facilities and apparatus 


MATERIALS AND METHODS 


The data used in this study were secured from an analysis of the nearly com- 
plete skeletons of forty-eight animals of unknown individual age, three skulls, 
and the carcass of one additional young beaver, all of which were taken in 
Allegany State Park in March, 1946; one carcass of a female taken at North 
Java, New York, in late March, 1948; three preserved specimens of two-day-old 
beaver kits born in May, 1928, in the Vivarium at the University of Buffalo 
Shadle, Jour. Mamm., 11: 483, 1930) and nine radiographs made by the senior 
author of two 15-month-old beavers born in May, 1928. 

The bones of forty-eight of the Allegany beavers were cleaned by maceration, 
sorted according to their kind and characteristics, i.e., consolidation of epiphyses, 
appearance of bony depositions, rugosities, dimensions, etc. and assigned to 
groups (Table 1). Skulls were first assigned to their positions in the data accord- 
ing to the characteristics of the molar teeth that Taylor (op. cit.) has shown to 
be valid indicators of age, and second, upon the Basilar Length of Hensel that 
both Taylor and Friley (op. cit.) regarded as a valid age indicator. The group 
designations (Table 1) based upon the cranial data will be used throughout the 
paper unless otherwise specified 

Verification of the data was obtained by dissections, by direct observations, 
and by radiographs of two 15-month-old animals and the North Java beaver. All 
measurements cited in this study are believed to be accurate to plus or minus 
five-tenths millimeter 


OBSERVATIONS 

Skeletal Elements in General.—The skeleton of a Group I beaver contained 20 
teeth and 268 bones distributed as follows: 39 head bones plus 20 teeth; 7 cervi- 
cal, 14 thoracic, 5 lumbar, 4 sacral, 8 basal caudal, and 17 distal caudal vertebrae, 
total 55 vertebrae: 7 true, 2 false, and 5 floating ribs, total 28 ribs; 5 sternebrae; 
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66 bones in the pectoral girdle and its free appendages; 68 bones in the pelvi 
girdle and its free appendages, and 7 bones in the hyoid apparatus. 

The skeleton of a Group V beaver contained 258 bones which differed from a 
Group I beaver in having only 34 bones in the head, 66 bones in the pelvic girdle 
and its free appendages, and one sacrum. Ankylosis reduced the number of bones 
in such cases. 

Of the many small sesamoid bones, several occurred between phalanges, and 
22-14 chevron bones along the ventral side of the tail, close to the vertebral 
joints. After a few months the male beaver developed an os penis or baculum, 
which varied in size according to the age of the animal. 

Teeth.—In a Group IV beaver the labial surface of the upper incisor described 
an arc of approximately 222 degrees (92-100 mm. long) on a circle with radius of 
approximately 25 millimeters. The labial surface of the lower incisor described 
an are of approximately 130 degrees (117-124 mm. long) on a circle with ap- 
proximately a 54 mm. radius. Width of the tooth, the length of the radius, and 
of the are of the incisors, increased from Group I through Group V 

A permanent molar tooth of a Group I beaver had a root base with a com- 
pletely open pulp cavity occupying the whole base of the tooth, a condition 
quite similar to the root base of the incisor, which grows from a persistent pulp 
In advancing from Group I through Group V (Table 1) the opening into the root 
base of a molariform tooth gradually closed, the tooth ceased to grow, and its 
length gradually decreased through attrition of the crown, and also through 
some resorption of the root. This resorption was accompanied by modifications 
of the dental alveolus. 

Cranium.—The progression through the skulls of the various groups showed 
very definite modifications which are traced in some detail in Table 1. Measure- 
ments of the crania in the table are self-explanatory. 

Extra-cranial Structures.—Extra-cranial structures of the beavers from Alle- 
gany State Park were also arranged in five groups in Table 1. Modifications of the 
vertebral column were noted throughout the five groups, but they are traced in 
detail only through the sacrum where the changes were very definite and marked 
The os innominatum also gave evidence of definite progressive modifications, as 
did the scapula. The tibia exhibited a high positive correlation between skeletal 
characteristics and dimensions. These modifications are traced in detail in 
Table 1. The data for clavicles, humeri, ulnae, femurs, and fibulae were not in- 
cluded because the evidence from our material did not seem to justify drawing 
positive conclusions. 

Baculum.—Eight bacula were recovered from the Allegany beavers, and the 
series ranged from immature specimens to definitely mature ones. 

Radiographs.—The nine radiographs of two 15-month-old beavers showed the 
presence of definite epiphyseal outlines. The centra of the individual sacral verte- 
brae were not fused and a definite suture was observed between the ilium and 
the ischio-pubis in these two beavers. Bones throughout the skeletons were light 
in structure. No sagittal crests were apparent in these skulls, but the lambdoidal 
ridge was evident. 
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Epiphyseal outlines were clearly visible in the radiographs of the beaver from 
North Java, New York. Three sacral vertebrae were fused, but the distal ends of 
the transverse processes of sacral vertebrae numbers two and three, and three 
and four, were not fused. Four months later direct observations on the dried 
skeleton confirmed the radiographic observations. The following measurements 
were made at that time: os innominatum length, 162.5 mm., and tibia length, 
128.0 mm. 


DISCUSSION 


From laboratory data, and from a knowledge of the life history and breeding 
habits of the beaver, it was possible to determine tentatively the age groups into 
which beavers taken at a particular time of the year would probably fall. In our 
geographic area, beavers usually drop their young from late April to early June. 
Since the animals from Allegany State Park were taken in late March, 1946, it 
was evident from the figures and data from beaver growth records made in our 
laboratory, that the youngest animals present were from the previous breeding 
season, i.e., the spring of 1945. The youngest beaver skeletons (Group I, Table 1) 
would normally range in age from approximately nine to eleven months. The next 
possible group would be one year older, and so on through the remainder of the 
age groups. 

Group N, new-born young, was included to establish the average measure- 
ments for the skull of a new-born beaver as a definite point of departure. Group | 
contains the youngest of the Allegany beavers taken in March, 1946, and is 
designated as “first-year beavers,’ Group II as “second-year beavers,’’ Group 
III as “third-year beavers,” Group IV as “four-year beavers,” and Group V as 
“old beavers.” This is in partial agreement with Friley (op. cit.). 

Taylor (op. cit.) stated that beavers continue to grow throughout their lives, 
and he concluded that “‘changes in form, outline, and dimensions’”’ of bones are 
indicators of age, with which we are in substantial agreement. Beavers may 
continue to grow in weight or bulk throughout their lives, but in regard to the 
bone growth this study indicates that the epiphyses consolidate sometime during 
the fourth year of the animal’s life, for epiphyses were consolidated in our Group 
IV animals, which also appears to be in agreement with Friley. We found in 
older animals that there is also a great deal of additional bone deposition, which 
is indicative of increased age. 

The skeletal characteristics described in the Progressive Osteography, Table | 
ean be tentatively established as criteria for the determination of the ages of 
beavers. To reduce error in the interpretations of the various conditions, the 
measurements of the various bones should be used in conjunction with the de 
scriptive material in the table. The measurements included in the table show a 
high correlation among themselves, and with some refinements which are noted 
later, they are suggested for use in determining the ages of beavers. 

Discrepancies noted among the data could be explained on the basis of in- 
dividual differences, for (a) different animals do not grow at exactly the same 
rate, or (b) some characteristics may have been misinterpreted. 
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TABLE 2.—Comparison of zyq eadth and basilar length of Hensel in 
Friley’s study with the esent study of Castor canadensis Kuhl 
R PECIM OMA READTH ASILAR LE H HE EL 
== eeTED snainaninns Sar eaenacieniiien 
Pre Fr Present! Fr P r Pre Fr Corrected 
h ot 7 7 
I I 21 18 77 79.7 78. 97.8 94.8 95.9 
1] 13 Q7 20 & R22 108.3 (109.2 108.5 
(II-III I] 20 5 )] 2.3 91.9 111.2 112.3 111.5 
III 7 2 5 15.9 95. 114.0 117.0 115.0 
IV 6 8 8.1 120.7 120.7 
[V-\V Ill 10 104 9.7 120.¢ 120.5 120.6 
7 ‘ 100.5 120.5 120.5 
A check on the accuracy of thess t s made through radiographs of two 
15-month-old beavers. The skeletons these beavers showed that they very 
definitely belonged between Gr s | II, for their skeletal development 
had progressed beyond the beave1 Group I, but not as far as those in Group II. 
The data from this study we ompared in some detail with that of Friley 
and Taylor. I recognized three g Dp ut the fourth, ““young-of-the-year,”’ 
‘king i imple. Fril pecin ere taken at approximately the 
ume time of the year the specimer 1 in this study, and on that point, 
t} o sets of data are comparable. In | cond group Friley combined the 
d o-year-olds and three-y: ds, for he felt he did not have sufficient 
evidence on which to effect their separation. It appears that three of his speci- 
( 300, 306, and 285) could be gned to what is Group II in this 
paper (second-year beavers) and that the otl vo (nos. 281 and 286) could be 
ened to our Group III (third i I 
| riiev’s results were < ompared tl yu ( parti ular points Jasilar 
Length of Hensel and Zygomatic Widtl lable 2 
Wher the corrected average rol L Able , al tPDLleE 1 ( l'avlor pecimens 
months older than our owr ake June 1910, it is evident that four 
groups appear il Tavlor’s wi I | S( ted by Friley. The ompara- 
e figures are contained in Table 3 
A comparison of measurements in the tables, with the graphs suggested in 
| TABLE Compar ’ Tay Tu i ns with cted at Lae 
| f March ; Kuk 
; k F EI ¥ M RE 
. te Bo cciap agnor glans = 
; R 
lay + ected 
| 
N 66.0 53.5 7.7 
| I 102.5 5.9 85.6 78.6 
[I 111 108.5 93.2 SS .5 
[V-\ 122.7 120.6 101.0 19.7 
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Fig. 1.—Skull measurements of Castor canadensis Kuhl: A. Greatest length of skull; B 
Basilar length of Hensel; C. Zygomatic breadth 


Figure 1, serves as an aid in establishing points of approximate age and suggests 
further uses that could be made of such graphs. 

Using Friley’s data as a basis for determination, the measurements of the 
bacula in the present study appear to fall into three groups. The four smallest 
bacula (20.5-24.5 mm.) are from “yearlings,” the next three (28.5-33.0 mm 
are from “two and three-year-olds,”’ and the last (34.3 mm.) is from a beavel 
“four-years-old-and-over.”” Because of the small number of bacula recovered 
they were of very limited value in the present study. 

Our findings in regard to the value of teeth as a factor in the determination ot 
age, together with Taylor’s work on the molar teeth of beavers, suggest that 
beaver dentition deserves a much more extensive and intensive study and corre- 


lation with similar investigations of other animals. 
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We believe that the evidence shows good correlation among skeletal character- 
istics, skeletal measurements, and the probable ages of beavers, and this is in 
general agreement with Taylor and with Friley. While the criteria mentioned 
previously can be used directly in the examination of skeletal remains, it woud 
also be possible to use many of these factors in the radiographic examination of 


living animals or of the carcasses. 


SUMMARY 


The materials used were three new-born beaver kits, the bones of forty-eight 
beavers, three skulls of other beavers, the carcass of one female beaver, and nine 


radiographs of two 15-month-old beavers. Molariform tooth characteristics are 


a valuable factor in determining the ages of beavers. Cranial measurements to- 


gether with cranial characteristics and conditions are useful in age determination 
of beavers. The sacrum, os innominatum, tibia, and scapula showed high posi- 
correlations between skeletal characteristics and dimensions, and they are 
believed to be useful in age determination of beavers. Epiphyseal consolidation 
in the beaver appears to be completed sometime during the fourth year of the 
animal’s life. Growth curves are useful in approximating the ages of specimens. 
Due to insufficient study material, the use of the baculum in determining age 


groups was inconclusive in this study 
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UNUSUAL WALRUS MORTALITY ON ST. LAWRENCE ISLAND 
ALASKA 


By Everett L. ScHILLER 


On November 9, 1951, one of the Anchorage newspapers reported that 200 


lead walruses had washed ashore in the vicinity of Kukulik Bay, on the north 
coast of St. Lawrence Island. This island lies in the Bering Sea between Alaska 
ind Siberia, about 40 miles off the coast of the latter. At the time of this report 
the writer was awaiting transportation to St. Lawrence Island to continue cer- 
tain disease studies, which have been conducted there during the past three 
years by the Animal-borne Disease Branch, Arctic Health Research Center. 
Mass deaths in this species of marine mammal are almost unknown, so plans 
were immediately modified to permit a thorough investigation of this peculiar 
phenomenon 

Many biologists have expressed interest in this incident and there has been 
onsiderable speculation as to the cause of death in these animals. It is the pur- 
pose of this paper to present the observations and information derived from this 
investigation. 

Because of limited transportation facilities, poor flying weather, and unsuitable 
landing conditions at Gambell, St. Lawrence Island, during late fall and early 
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winter, arrival was delayed until December 23, 1951. Since adequate landing 
facilities exist at Northeast Cape, it would have been possible to go there at 
once; however, the nature of the work at Gambell had priority and it was neces- 
sary to give this first consideration. 

Inquiries among the Eskimo at the villages of Gambell and Savoonga disclosed 
that the walruses had washed ashore at Northeast Cape, rather than at Kukulik 
Bay as had been reported, on October 24, 1951 (Fig. 1). 

After completion of the other work at Gambell, the writer accompanied by 
two Gambell Eskimo proceeded on January 11, 1952, by dog team to Northeast 
Cape. Two other Eskimo, who maintain trapping camps near Northeast Cape, 
and who were the most familiar with the location of the walrus carcasses in this 
area, joined the party at the village of Savoonga. The route to Northeast Cape 
(cf., map, Fig. 1) was intended to follow the north coastline insofar as travel 
conditions would allow, in order to obtain as much data as possible on any car 
casses distributed along this section of the coast. The plan was to return to 
Gambell by a route which would permit similar observations along the south 
shore. However, stormy weather with high winds and blowing snow limited visi- 
bility to the extent that travel farther inland was necessary in order to avoid ice 
openings and dangerous cliffs. 

While en route, the first examination of the remnants of a walrus carcass was 
made at Camp Ongovewak, about half-way between Savoonga and Northeast 
Cape (Fig. 1). This point marked the beginning of the coastal area along which 


} 


the greater number of the animals had washed ashore. This walrus carcass had 


been found earlier near Camp Ongovewak by an Eskimo, who had cut it in pieces 
for dog food. Only a section of belly flesh was still available for examinatio1 
This was badly decomposed, the skin shriveled and the hair entirely missing 

The party arrived at Northeast Cape January 14. Investigations were con- 
ducted in this vicinity for the next six days. The work here revealed that the 
greatest concentration of carcasses was in this area, and extended for a distance 
of about ten miles from the Cape northwestward. The date the animals washed 
ashore here was verified as October 24, 1951, by native hunters and constructior 
men who had been working in this area at the time. It was learned that the inc 
dent had been preceded by three days of gale winds from the northeast. Savoonga 
natives trapping in this area reported 40 carcasses in this general vicinity 
Water action and shore ice movement had long since carried many of the car- 
casses out to sea, except for those that had been thrown highest upon the beach 

in some cases for a distance of seven meters. The carcasses remaining here at 
the time of the writer’s examination were almost unrecognizable, amorphous 
masses (Pl. I). All were covered to a varying degree by beach sand, gravel, sea- 
weed, snow and ice. Extremely mild weather during late October and early 
November, followed by intermittent freezing and thawing, contributed to rapid 
decomposition. Putrefaction had progressed to such a degree that pathological 
study was impossible 


t 


The shoreline at Northeast Cape was searched thoroughly for a distance 0! 


22 miles. Seventeen carcasses were excavated and examined. In several cases 
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skulls were entirely missing, leaving only the cervical vertebrae protruding from 
the carcasses. The bones of the extremities were commonly exposed. Severe 
mutilation, which obviously did not represent attempts by man to remove the 
ivory, was seen. Injuries of the skin and flesh clearly not characteristic of post- 
mortem ice abrasion were also noted. 

There was no evidence of death resulting from small arms fire, with the excep- 
tion of a single animal found near the village of Gambell that contained a copper 
bullet of a type used by the Siberian hunters. Unfortunately, nearly all tusks, 
teeth and bacula had been removed from the carcasses by non-native construc- 
tion workers prior to this investigation. A number of carcasses had been cut in 
pieces for fox bait and dog food by the Eskimo. Some of the sled dogs used by 
the party broke loose from their tie-down stakes at one of the overnight camps 
and consumed a good quantity of the tissue specimens of walrus that had been 
collected by the writer. The dogs suffered no apparent ill effects. With the ex- 
ception of diarrhea of short duration, the Eskimo had noticed no evidence of ill- 
ness in their dogs that had been fed meat from the carcasses shortly after they 
became available. 

There was much indication of feeding activity by both arctic foxes (Aloperx 
lagopus), abundant in the vicinity of Northeast Cape, and ravens. The foxes had 
burrowed down to carcasses on the beach through as much as 45 em. of firmly; 
packed snow and sand (PI. I), made their way into the abdominal cavity of the 
animal and had been feeding on the carcass from the inside. Despite December 
and January temperatures as low as —7°C., the carcasses were only partially 
frozen, since they were well insulated by snow cover. The odor of putrefaction 
was still extreme. 

Eskimo and others, the first to observe the animals soon after they appeared 
at Northeast Cape, stated they had seen a number of animals with the intestine 
prolapsed to a length of 60 to 90 centimeters. One non-native construction worker, 
a meat cutter by trade, noted the profuse flow of blood from the abdomen in 
cases where the abdominal wall was opened in an effort to remove the os penis 
All observers reported much evidence of severe mutilation, missing heads and 
flesh of flippers ruptured with bones exposed when the dead animals first ap- 
peared upon the beach. Putrefaction later was rapid, the odor becoming so ob- 
noxious in the vicinity of working parties that several carcasses had been pushed 
back into the sea by bulldozers. Another man reported the presence of barnacles 
on the tusks that he had removed from one of the dead walruses. These were no 
longer available for study. Unfortunately no photographs depicting the original 
condition of the walruses were taken at the time they were washed ashore. 

From counts made by the Eskimo soon after the incident occurred, 52 walruses 
had been deposited on shore. Several additional carcasses were seen floating 
offshore in the vicinity of Northeast Cape, but estimates of the numbers remain 
ing in the water were too varied to be considered reliable. The number of animals 
washed ashore as given in the news report was, of course, greatly exaggerated. 
However, this figure might well be a conservative estimate if applied to the total 
number of animals affected when consideration is given to the probability that 
many floated well beyond the reaches of the island. Of the 52 carcasses recorded 
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on shore, the writer accounted for only 26 at the time of the investigation, since 


many had been washed back into the sea. Relatively heavy beach deposit to 
gether with snow and ice cover obscured many of the carcasses making their 
location difficult to determine, and it is undoubtedly true that some were missed 
for this reason. At least three animals were located through the aid of the arctic 
1oxes, whose burrows down through the snow, as Well as surface staining irom 
their feeding activities, indicated a carcass underneath (Pl. |] 


(i these 26 animals, 17 were excavated and examined, and specimens 


collected from these for further study in the laboratory. Seven skulls were ob 


tained, only one of which, a very young animal found floating near Gamb« 


vas intact insofar as tusks and teeth were concerned. Three of the seven skulls 


represented mature animals and were measured for purposes ol specihc ident 
tion. The mastoid widths of these skulls are as follows: Aged male, 310.5 mm 


idult males, 308.4 mm. and 310.2 mm. According to the average cranial measur 


ments tor spe cies of Odobenus, the ave rage mastoid width of the above specimens 


corresponds to that of the Pacific valrus. Odobenus rosmarus diverae ns [llige) 


In view of the large size of these animals there is little doubt that they br ng 


to this species 


The literature, as well as reports of the Eskimo, discloses that numb 
dead walruses have been found on previous occasions on both St. La 
Island and neighboring Punuk Islands. Murie (1936) stated that ‘‘In the spring 
of 1935, the natives found a number of walrus carcasses on Punuk Islan ( 
also me ira hunter’s camp at East ( ape or St Lawrence Island. It is a wel 


fact that in olden days walrus hauled up in great numbers at both plac 


the beaches on St. Lawrence Island. But possibly. bv reason of being too 
hunted by the natives this had not been obser ed probably lol the inst 
vears. The Eskimo explained how practically all of the carcasses we 


e-ushed and the hair of most of them removed through the friction 


they explained by the heavy animals passing over them while moving 


Most of the dead animals were females although some of the smaller to me 


sized males were also among those crushed.” Cahalane (1947: 326) note 
About 1936, a large herd of walrus is said to have been driven ashor« s 

Lawrence Island by a school of killers {killer whales]. They were so badh 

ened that whil making their way up the beach in the Suri, a pile up ¢ 


and over two hundred walruses were smothered and crushed to deat! 


St. Lawrence Island Eskimo told the riter that, in June of 1949, Irving 
i native of the illage of Savoonga, now deceased, found 54 dead wa 
one of the Punuk Islands. These were mostly females and were believed 
been killed during breeding activities. The Punuk Islands are located ab« 


miles off East ¢ ape, SI Lawrence Island Fig | It vas hoped that obset 


1 these islands, as well, during this investigation, but « 


could be made o 
rough pressure ridges and dangerous ice openings concealed by sno 
prevented travel to Punuk at this time of veai 

The incident reported herein differs from previous ones in both the 
stances involved and in the probable cause of death. In this latest phe non 


the animals were washed ashore in a lifeless conditior Intestinal 


prolaps 
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presence of free blood in the body cavity, severe body mutilation and other ob- 
servations noted above, are in the writer’s opinion, indicative of great and sudden 
external pressure. It would seem that these animals were killed by concussion 
resulting from an explosive force. 

It is assumed that the walruses, at the time of death, sank to the bottom of 
the sea and remained there until gas production attending decomposition caused 
them to rise to the surface. The length of time required for this would depend 
upon the water temperature and other factors of which there is no detailed 
knowledge. The thick subcutaneous fat layer of the walrus would provide for 
the retention of body heat for some time and contribute to a rapid internal 
decomposition. Due to the advanced state of decomposition of the carcasses at 
the time of this investigation, it was impossible to determine the length of time 
that had elapsed between death of these animals and the date they were washed 
up on the beaches. Consequently, there was no way of knowing the approximate 
date the animals were killed. The Eskimo at Gambell reported having heard a 
series of loud explosions in late September, 1951, supposedly coming from the 
general direction of the Siberian Coast at Cape Chaplin. It is possible that these 
explosions were associated with the walrus mortality. 

Ages of the animals found in this investigation were estimated by the Eskimo 
as ranging from five to 80 years. Since there are no known criteria that can be 
used to accurately determine the age of walrus, the Eskimo estimates, although 
they probably constitute a relative value, are disregarded for purposes of this 
work. The animals are grouped into general age classes including young, sub- 
adult, adult and aged. Considering the age and sex composition of these animals 
Fig. 1), it would seem that a single herd of walruses was affected by the lethal 
factor. Assuming that this mortality was caused by concussion resulting from 
an explosion, it seems most likely that this occurred in or very near the herd. 
It is probable that the walruses were hauled out upon an ice floe. Evidence does 
not suggest any possibility of a submarine explosion, since other marine mam- 
mals, particularly several species of seals, occur in large numbers in these waters 
but none appeared ashore along with the walruses. No unusual occurrence of 
marine invertebrates was noted, although this would certainly be expected in 
the event of a submarine catastrophe. The Eskimo of the Island would not have 
failed to note any unusual occurrence of this nature, since they are intimately 
familiar with natural conditions on the island as a result of their dependence 
upon the sea for their livelihood 

According to Bobrinskii, et al. (1944), Odobenus rosmarus arcticus Pallas, 
1811 [= O. rosmarus divergens (Illiger)| is not found farther west along the arctic 
coast of Siberia than the Chaunskoi Gulf. The eastern limit of the range of this 
species is rarely beyond Point Barrow, Alaska. The literature indicates that a 
definite, though erratic, seasonal migration of walrus occurs. The animals go 
east as far as Point Barrow during the spring and summer and then return in the 
fall along the edge of the ice pack in the Bering Sea. August is usually the best 
walrus hunting month at Point Barrow, so those found at the eastern limits of 
their range migrate southward through the Bering Strait after this time. There 
is little knowledge available concerning seasonal behavior of walruses along the 
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coast of Siberia at the present time. Hauling-out places were formerly know: 
along the coast of Northeastern Siberia but little information on these has beer 
available in recent years. 

Knowledge of mammalian species occurring on St. Lawrence Island (Murie 
1936; Rausch, 1953) clearly supports the occurrence of Siberian species there, 
brought over by sea currents, probably on floating ice. There is also clear-cut 
evidence of this from the study of certain animal diseases on St. Lawrence 
Island (Rausch and Schiller, 1951; Rausch, 1952 

Data on prevailing winds for 12 months of 1950, provided by the Climatologi- 
cal Branch, U.S. Weather Bureau, show a wide variation from month to month 
but the prevailing direction, recorded for six months of the year, is NNE. SSW 
winds are also common. Currents for the months of August, September, a1 
October, 1951, were determined from Naval hydrographic charts. The drift 
during these months originated from southwest, passing in the general direction 
of Nome, Alaska, from Nunivak Island, and thence through the Bering Strait 
\ part of this current turned back along the coast of Siberia toward the soutl 
west. There was a general loop-like movement and there is little doubt but that 


such movement would carry floating objects from Siberia to St. Lawrence Islar 


110 


1 


This is supported by the finding near Gambell of the earlier mentioned walrus 
carcass which contained a copper bullet of the type used by the Siberian hunters 
In view of the foregoing, plus the fact that there has been no evidence tl 
these animals met death on the North American side of the Bering Sea, it 

assumed that the walruses were killed along the coast of Northeastern Siberia 

It is regrettable that an immediate investigation could not have been under 
taken by those in Alaska who are more directly concerned with wildlife mat 
ment. An earlier investigation would have afforded an opportunity to obtall 
much more information of considerable biological value 

The writer wishes to take this opportunity to express his appreciation to D1 
Robert Rausch of this laboratory for making available his observations on walrus 
migrations on the arctic coast, for identification of the species of walrus involved 
in this mortality, and for other valuable assistance in connection with this u 
vestigation. The writer is also indebted to Winnfred James, Willis Walunga, and 
Raymond and Walter Toolie, Eskimo of St Lawrence Island whose carefu 
observations and enthusiastic and dependable assistance greatly facilitated th 


completion of this undertaking 
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BODY TEMPERATURE AND RESPIRATORY AND HEART RATES 
IN THE NORTHERN ELEPHANT SEAL 


By Grorce A. BARTHOLOMEW, JR 
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finding them again three to four hours after dark. it was possible to obtain a few 


measurements 


The northern elephant seals while hauled out on shore have a well mé 


narked 


daily temperature cycle, low at night, higher during the day. The mean tem 
perature for the four adult males measured between 9 and 10 pm was 33.8% 
while the mean temperature for the six males of comparable size measured during 
the middle of the day was 35.9°C. None of the animals measured at night had 
temperature as high as the lowest temperature obtained from animals of com 
parable size during the daytime (Fig. 1 


Size and body temperature.—It has been proposed (Rodbard, 1950) and denied 
rather convincingly (Morrison and Ryser, 1952) that the mean normal tempera- 
ture of mammals bears a simple relationship to body weight. Rodbard suggested 
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on the basis of admittedly limited evidence that in large mammals body tem- 
perature is inversely proportional to the logarithm of body weight. Although 
data on the exact weight of adult northern elephant seals are not available, 
full-grown males certainly weigh more than 3,000 pounds which places them in 
the 1000 to 10,000 kilogram class used by Rodbard and by Morrison and Ryser. 


] 


The African and Indian elephants are the only other mammals in this weight 
ass for which temperature data are available (Benedict, 1936 
The newborn young have higher temperatures than the older seals and there 
sa slight trend of uncertain significance for body temperature to decrease with 
reasing size (Fig. 1). The mean of the observed daytime temperatures of the 
ls (excluding newborn) was 36° 
the average for placentals as calculated by Morrison and Ryser (1952) and is 





sleeping elephant sea , which is 1.8° lower than 
mparable to that of elephants. However, the aquatic habits of seals may make 


tne! spec ial case The northern elephant sea] does 


have a lower temperature 
other, smaller pinnipeds—for example, Scholander, Irving, and Grinnell 
942) found that at the onset of apnea the deep body temperature of a captive 
na approximated 38°C., and Ford Wilke and I have found (un- 

shed data) that within ten seconds after death the deep body temperature 
usly undisturbed adult male Alaska fur seals (Callorhinus ursinus 
ximates 37.57 However, because of the marked lability of pinniped 


eratures, it seems unwise to place much co 


idence in comparisons of pinni- 


emperature data, or in generalizations derived from them, until more is 


vn about the range of their body temperatures under normal conditions. 


nstance, sustained vigorous activity o1 nd may cause the body tempera- 


tures of Alaska fur seals to rise more than 4° Bartholomew and Wilke, un- 


published data), and Scholander, Irving nd Grinnell (1942) found that during 
) minute dive the temperature of a harbor seal fell 2.5° 


RESPIRATORY RATI 


onspicuous feature of the physiology of pu nipeds and a factor associated 


th their ability to make prolonged dives is the irregular rhythm of their 
thing (Irving, 1939; Scholander, 1940; Harnisch, 1937). Therefore as oppor 
ded, observations were made on the rate and rhythm of breathing 


aisturped elepl ant seals. The pattern ol breathing vas measured by timing 


tl stopwatch and counting the movements of the seal’s nostrils. In females 

ying males the nostrils have a strong valvular action and close completely 

he interval betweer breaths In adult males there is no valvular action, but 
breath vibrates the elongate proboscis 


Elephant seals breathe with great vigor. After inspiration the thorax is inflated 


iLKE DAalloo! Expiration IS powerlu lt al nimal is ying on 1ts belly on dry 
sand, the lasts of its exhalation often dig a conical excavation a foot or more in 


lepth. The rhythm of breathing is irregular (Table 1). The periods of arrested 
respirator following inhalation vary trom two or three seconds to 60 or more 


while those following exhalation last for from one or two minutes to more than 


As discussed elsewhere (Bartholomew, 1952: 374) floating elephant seals con- 
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TABLE 1.—Respiratory rhythm of northern elephant seal while asleep on land 
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trol their density by varying the amount of air in their lungs. Normally whe 
submerging they exhale and sink gently below the surface. However, whil 
swimming at the surface they sometimes hold their breath following an inhala 
tion. Apneas of somewhat more than a minute may follow inspiration if tl 
animal chooses to float quietly with head out of water 

On both San Nicolas and Guadalupe Islands, elephant seals often slept o 
the beach in areas over which smal! waves were washing. Even when thes 
waves covered their noses and heads they showed no perceptible disturbance 
It is reasonable to suggest that in the elephant seal, as in some other air-breath 
ing vertebrates, water on the external nares reflexly inhibits respiratio1 

The prolonged apneas characteristic of sleeping elephant seals (Table 1) ar 
the longest spontaneous suspensions of respiration that have been reported fc 
any pinniped. The data presented were obtained from sleeping animals that had 
been out of water for from an hour to several days. Presumably none was repay 
ing an oxygen debt incurred while diving. It seems safe to assume that the 
animals were in as nearly a steady state as they ever attain. Nevertheless the 
rhythm of their respiratory movements was conspicuously irregular. Except in 
the newborn animals, the periods of suspended respiration varied from two to 
more than eight minutes; the periods of breathing varied from two to mune 
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minutes; and the number of respiratory cycles per period of eupnea varied from 
11 to over 40. The mean duration of periods of eupnea (5 minutes, 16 seconds) 
was not significantly different from the mean duration of the periods of apnea 
5 minutes, 17 seconds). 

Elephant seals floating quietly or sleeping in the water show the same irregular 
respiration as the seals sleeping ashore. Anthony (1924:150) reported that a 
aptive yearling rested under the water for six minutes. In the deep tidal pools 
on San Nicolas Island, California, I have repeatedly seen elephant seals lying on 
the bottom in four to six feet of water, eyes closed, apparently asleep. At intervals 

arying from two to six minutes they would rise to the surface, breathe a few 

times, then close their eyes, sink once again to the bottom and lie motionless. 
On July 30, 1952 through the courtesy of Mrs. Belle J. Benchley I spent several 
hours observing two yearling elephant seals that the California Department of 
Fish and Game had recently given to the San Diego Zoological Society. Both 
were about five feet long, in excellent condition, and completely undisturbed by 
my presence. They were almost continuously active, swimming leisurely about 
heir pool. However, during a 45-minute period following their meal they rested, 
ne on land, the other in water about four feet deep. The animal in the water 

uld exhale, sink to the bottom of the pool, lie there with closed eyes, rise 
nguidly to the surface, breathe a few times, then exhale and again slowly sub- 
merge. Several times it interrupted its rest and swam actively about the pool 


Consecutive periods of emergence and submergence were timed for one quiet 


period of about 20 minutes (Table 2). In this case the length of the periods of 
apnea and eupnea were markedly shorter than those of the more profoundly 
sleeping animals shown in Table 1. The mean period of apnea, instead of being 
equal to the mean period of eupnea, was over three times as long 

The only other pinniped that is known to experience spontaneous periods of 


pnea that even remotely approach the length of those for Mirounga angusti 


the southern elephant seal, Mirounga leonina, a captive specimen of 


wi nh expe rienced apneas of as ong as six minutes and 18 seconds (Harnisch, 


937). The prolonged apneas of the two species of elephant seals suggest the 
bility that they ordinarily make more prolonged dives than other pinnipeds 
TABLE 2 Breathir ratte rptive urli7 he phant sea hile 
far n the ate 
ERIOD OF EMERGENCE RESPIRATOR} >ERIOD OF SUBMERGENCE 
LE , 
EME} Minutes Sec 
0 55 6 12 
( 9 6 33 
| 06 l 21 
| Og 10 7) 31 
’ 53 16 2 03 
Mean l 12 9.3 } 32 
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HEART RATE 


It has been repeatedly demonstrated that various aquatic mammals experienc: 
a diminution in rate of heart beat during apnea and that this is an important 
part of the circulatory adaptations associated with the ability to undergo pr 
longed anoxia without ill effects (Irving, 1939). It was therefore of interest 
see if undisturbed elephant seals show a similar decrease in heart rate during the 
prolonged spontaneous apneas characteristic of their respiration during sleep 

The pulse was taken by the simple expedient of finding an isolated sleeping 
seal, approaching it quietly, and placing a hand against the ventral or latera 


surface of the animal’s chest and counting the number of heart beats during a: 


interval of time measured by a stopwatch. The heart beat of the elephant se 


1 


is heavy and powerful. During eupnea the pulse is somewhat masked by th: 


powerful breathing movements, but during apnea each heart beat sends a ripp 


through the animal’s fat body often causing the head to shake slightly 
Heart rate was measured in nine seals, ranging from newbort pups ti 11 


males. Of the 43 individual measurements, 25 were made during apnea and 18 
were made during eupnea (Table 3). The periods of measurement varied bet 
20 and 60 seconds. In all instances the animals were sound asleep, and 
been ashore for a number of hours. Indeed, the pups had never been in the wate 
Frequently the measurements were terminated by the animal’s awakenir 
The heartbeat of the newborn is almost twice as rapid as that of animals 
:; 


veal old o1 older and even in the latter gTOUD there is a slight tends nev tor pulse 


rate to decrease with increasing size (Table 3). In the newborn ther no sig 
nificant difference between the mean pulse rate during apnea (100 per mi 
and during eupnea (99 per minute 

In animals eight or more feet long the mean pulse rate during ap 


approximately 15 per cent lower than during eupnea (54 per minute versus | 
per minut This diminution is much less than that reported for othe 36 


Irving, Scholander, and Grinnell, 1941a). It has been shown in other d 


TABLI Heart rate of north elephar de sehsl al 
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mammals that rate of heartbeat is partly under voluntary control—the bottle- 
nosed porpoise, 7'ursiops truncatus, can acceleiate its heartbeat in anticipation 
unt breathing (Irving et al., 1941b)—and that bradycardia is more noticeable 
' during a dive than during the spontaneous apnea of a seal on land (Scholander, 
1940 Thus during dive the br ardis f al elephant seal could easily be 
‘} I h more pronounced than in t sleeping animals discussed above. Further 
" k edge of the role of br: d rd the d ng d uptations of elephant seals 
ust uit until electrocardiograr re taken on captive animals while they 
5 | 
é Ind, as ‘ omy tur eping adult northern 
pi " App! mately 36° ring the day, and 34°C. at night. The 
et temperat al C. higher than the adults. The sig- 
ult nificance of the low temperati the elephant | is not clear. It is suggested 
g 4] Serene = al cas th recard dv temperature 
l} +e hearthaat f ew) y alenhant aa] P approximately 100 per 
‘ y thar differs nm , 4 atweet pI ea and eupnea. In 
eight feet or more in length the pulse rate during apnea is approximately 
54 I ! t nad 1 gy eupne 65 1 } ts 
he eat ng rhvt 1 ‘ nhant ] , more erratic than that of other 
¥ nny 1 the pe I | led respiratio re much longer than those 
¥ po! or members o ther ger While eep on shore the mean dura 
t l e minutes, 17 nean duration of eupnea five 
es. 16 seconds. Apneas of m rht minutes were observed. The 
Yé YT) ‘ ? } ] ? y 
7, 
' , a 
( 59 | ‘ wrtherr 
x 
4 T { ry i . } adi — 
San | Jour. Mamm.. 
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SEALS OF NORTHERN HOKKAIDO 
By Forp WILK! 


The northern coast of Hokkaido is one of the few regions in the North Pacifi 
vhere the earless seals or hair seals (Phocidae) are killed in commercially im- 
portant numbers for their oil and skins. It is the only place where the commercial 
catch is made up largely of harbor seals (Phoca vitulina) and where an appreciable 
proportion of the kill is ribbon seals (Phoca fasciata), an animal that is considered 
rare (Dunbar, 1949; Doutt, 1942). A springtime hunt, similar to, but on a smalle1 
scale than those on the north Atlantic that depend largely on the Greenland s 
Phoca grenlandica), has been conducted annually in the last decade from the 
ports of Abashiri, Mombetsu, Esashi, and Wakkanai. Abashiri was the head- 
quarters of most of the 41 Japanese ships engaged in sealing in 1949. Statistics 
probably incomplete, released by the Ministry of Agriculture and Forestry giv: 


the catch in 1946 as 1,051, in 1947 as 2.720. and in 1948 as 3,630 seals. T! 
number of hunting ships operating during those years was 5, 10, and 16 

In 1949 the kill had reached 6,000 by late April. Products contributed to the 
Japanese economy by seal hunting are leather, oil, meat, gelatin, and fertilizer 

The relation of pack ice to sealing.—Seal hunting off Hokkaido is completel) 
dependent upon the presence of drifting pack ice. The ice field brought by th« 
current moving southward in the Okhotsk Sea curves to the southeast off Esash 
and reaches to Naka-Shiretoko, east of Abashiri, where it usually disappears 
Even with opposing winds the general movement of the ice coincides with the 
direction of the current. However, changing winds may cause the ice to move 
close to the Hokkaido coast or retreat far out as it passes to the southeast. Wher 
the ice drifts in close to shore the seals are found on the seaward side of the pack 
\ long hunting season results when north winds occur frequently enough to keep 
a mass of pack ice close to the Hokkaido coast. On April 27, 1949, the surfac 
water temperature near the ice was 34°F 

Hunting on the ice.—Sealing ships attempt to get northeast of the ice field 
They seek a place where there are many inlets that will permit a vessel to advance 
into the ice field. By preference, ships are anchored where the ice surface is lov 
and flat. Fenders are lowered to protect the sides of the vessel from the shock of 
moving ice. In stormy weather, ships move two or three miles inside the ice field 
to take advantage of the protection it affords against heavy seas, but it is hazard- 


ous to attempt to enter the ice floe when the sea outside is rough. Ships attempt- 


ing to do so are often damaged and occasionally lost. Leads which appear with 
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of current or at the extremes of high and low tide provide the best oppor- 
for ships to change position in the pack. 


s gathering on the ice of the Okhotsk Sea habitually move against the 


nt and wind Hunters say the seals are dull and easily approached if alone 


small groups, but large herds will quickly take alarm. Hunters believe the 


remain near a convenient escape avenue and seldom move to the Inner part 
floe. If the pack ice in which they are resting is united with other floes, 
ils move to a new position offering ready access to the wate 

the sealing ship has tied up to the ice, the small boats, usually two per 


ire launched for hunting in the ice field. The oarlocks of the boat are 


yped vith twine coated with thick VTeAast and are seated on a washer of 


material in a greased socket. Besides these precautions against alarming 
ith squeaking oarlocks, the boat rews wear white parkas ror camou 
Sleeping seals are approached cautiously, the hunter takes advantage of 


ioh surtiace ol the we tor col cealme nt and creeps through the shallow pools 





ed 1¢¢ orade to insure silence 
( the hunter has crept to thin 50 or 60 feet of a seal he fires at its head. 
e concealed if other animals are near by Sleeping seals will be awakened 
hot but will resume their sleep. One by one the seals are picked off, with 
e between each shot to allay their suspicions. When seals are hauled out 
ith ice there is no alternative for a boat crew except to row up cautiously 
nd s ughter Ss man s possible before they can escape Into the 
Others are killed in the ter by firing at their heads as they reappeatl but 
k before they can be gaffed and dragged up on the ice 
ustration of the abundance of seals on the pack ice. the records of the 
Retrigeration Company show that two of their ships hunting 8 to 80 miles 
caido, took 847 seals from March 26 to April 23, 1948. On ten days no 
lled: on other days the kill ranged from 3 to 141 By five day periods 
is 56, 69, 131, 75. 163. and 353 seals. The upward trend of the kill as 
1dval ced Ss partly exp ed by the tact that the ( Vas disappearing 
eals crowded the ice floes that remained. The above catch was classi 
the company, as follows: Phoca vitulina, 840; Phoca fasciata, 1; and 
marbatu {) ota S44 
and tranping According to Inuka 1942) several thousand seals are 
vy on Sal in with nets and traps alter sealing on the pack 1c 
ied TO! the SCaSO! Tangle nets ke those ised for kn Oo ¢ rabs are set in 
23 tathoms deep. Seals left in a tangle net several davs will be damaged 
iceans and hagfish Trap nets set ll herring fishing grounds are otten 
r catching seals. They enter the set in pursuit of fish and it is claimed 
struggies to escape from the net pocket simulates the actions of a large 
sh and entices other seals mto t he por ket 
on species In the eastern Pacific the ribbon seal is regarded as a rare 
d, but in the Okhotsk Sea it enters prominently into the kill on the pack 


nong 138 seals examined at Abashiri on April 25, 1949, 59 were ribbon 


24 more were found among 165 animals landed at the same port on the 
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TABLE 1.—Measurements of ribbon, harbor, and bearded seais from the Okhotsk 
Se a off Hokkaido. Japan 


WEIGRT TOTAL cuore FORE FLIPPER cENOTE HIND FLIPPER | NUMBER OF 
AGE AND SEX ibs LENGTH cen Per cent of anne per cent of PAIRS OF 
. — total length . total length | vrBRIssaE 
Phoca fasciata 
2 adult 209 1614 244 15.1 317 19.6 45 
subadult 122 1456 239 16.4 270 18.5 37 
ly 45 923 165 17.9 22 4.0 38 
lult 
eal 165 159 27 17.2 89 18.1 39 
range 150-174 1541-1635 240 2 5 8.5) (261 1 16 .0-20.7 36-41 
lults 
eal 140 1386 205 14.8 258 18.6 Ig 
ge 131-145 1355-1435 191-214 14.0-15.¢ 36-281 17.2-19.6 36-41 
P} 
] 21Z 734 2 S 19 18.4 15 
lu M4 if 7 5 2 20.1 42 
] AF 155 ) » 7 ) 19.4 15 
5 ) lt g 
mear tf 964 5 5.7 4 1.1 42 
nge 31-62) | (884-1094 7-162 8-17.3) (181-207) | (18.1-22.4)| (39-45 
l 18] 154 99 \ 97 7.6 19 
I 
? subadu i 1547 Y 7 201 17.4 121 


following day. A kill of 109 seals taken between April 20 and 22 contained 19 
female and 16 male ribbon seals 

By late April most of the young ribbon seals had shed their first coat of long 
white hair. The bands of yellowish mottling on the dark brown upper parts 
merge into the yellowish gray of the ventral side, muzzle, and fore flippers 
P|. I). The dorsal bands correspond in position to those making up the pattern 
of the mature male ribbon seal. In weight, the young averaged about 45 pounds 
at this season. Measurements of nine ribbon seals are given in Table 1. 

Two possible morphological differences between the ribbon seal, fasciata, and 
the harbor seal, vitulina, appear in Table 1. First, the fore flippers of fasciata 
may be longer in proportion to the body length than in vitulina, and secondly, 
the number of pairs of vibrissae may be fewer in fasciata. Vibrissae counts of 
nine fasciata averaged 39 pairs, counts of eight vitulina averaged 43. Such counts 
would hardly be needed for separating such unlike animals as the ribbon and 
harbor seal, but may be of help in distinguishing similar appearing seals. For 
example, Mohr (1950) counted 44 vibrissae on a harbor seal fetus and 51 on an 
adult ringed seal (Phoca hispida). My counts for two ringed seals are 52 and 53. 
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Unfortunately, verification of a difference in the number of vibrissae must be 
obtained from fresh skins because bristles are often lost in tanning. 

Harbor seals.—Doutt (1942 quotes the following from Allen (1880), ‘‘Unlike 
the Phoca foetida, P. groenlandica, and most other Phocids of the northern waters, 
the first coat is shed before or soon after birth, but as to the exact time at which 
it is cast authorities disagree.”’” Dunbar (1949) states, ““The young are born 
usually on the beach, from late May to early Jul 
about 10 months.’ 


y, and the gestation period is 


In the Okhotsk Sea there is a geographic race of Phoca vitulina that bears its 
young on ice floes from February to March. The young retain their long, white 
natal pelage for several weeks. 

In late April we saw humerous pups still covered with the natal coat althougl 
the sealers found few pups with the umbilicus still attached after early March 
and none after March 15 (Pl. I). Since 1947, the earliest record of a newbor 
pup on the ice off Hokkaido is late January, and the latest is April 15, according 
to hunters’ statements. 

Seal pups landed by hunters at Abashiri late in April were in the sheddir 
stage. Some still had the complete early pelage on others it was loose and cou 
be rubbed off, and still others had totally changed to their smooth adult-type 

} 


coat. Two pups in early pelage weighed 35 and 59 pounds; two that had shed 
weighed 31 and 44 pounds 

Skulls of the common spotted seals from the Hokkaido ice pack were compared 
with specimens in the U. S. National Museum and found to be Phoca vitul 
spp. and not a race of P. hispida, as might be expected from their breeding habits 

Operators of a whaling station at Abashiri who captured 13 killer whales 
1948, mostly from August to October, stated that hair seals, usually harbor 
seals, were the most common item found in the killers’ stomachs. Their stomac! 
might contain two or three seals torn into pieces about as large as a seal’s head 
Inukai (1942 reported that near Sakhalin young seals are frequently killed on 
the ice by sea eagles, and published a photograph of a young seal with its head 
mostly eaten away by an eagle. On Cape Sutland, Alaska, Clyde Dell, Captau 
of U.S. Fish and Wildlife Service vessels, saw bald eagles peck out the eyes ol 


two harbor sea pups then tear at the body and viscera 


Food.—The stomachs of 21 harbor seals, two ribbon seals, and one bearded 


ls brought into that port 
by vessels hunting on the pack ice in the Okhotsk Sea. Table 2 gives an analysis 


seal were collected at Abashiri in April 1949 from sea 


of the stomach contents 

The bearded seal stomach contained four almost whole octopi, and a variet; 
of other invertebrates in addition to bones of a flounder and a sculpin. Similarly 
Inukai found largely bottom living invertebrates (shrimp, crabs, sea cucumbers 
clams, snails, and octopi) in eleven bearded seal stomachs from Hokkaido 
Dunbar (1949) described the bearded seal as a bottom feeder living on crus 


taceans, molluscs, and benthonic fish 


The Alaska pollack or whiting is the principal fish taken in early spring by 
trawlers operating along the northern Hokkaido coast and it was also found to 
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TABLE 2.—S¢ sch contente of oo 1949 fro he Okhotsl 
Sea off H lo, Jane 
—_ NUMBER OF 
MMON NAME _ . ; TOMACHS 
LUME nant 
J P 7 } 
I } } 83 10 
4 ’ f Y Tf) 
Oo ) 
—_ ' | , 
l 
’ Q 1 
(¥) 
) 
0) 
he chieI food of pt ds in the region. Many of the stomachs examined con 
ther food. Resistant and characterist mes of the pollack, including 
tk t r uboperculars. and otoliths. ofter ‘cumulate to the extent of 
tel more pairs, evidently representing at least 1 o days’ feeding Che bones 
nd indicate that normally the whole fish including the head is eaten. Herring 
is the prey species ol second rank tor Phoca vtulina; one stomach contained 
only herring roe As many as nine herring were taken by a seal at one feeding. 
( epha opods. int uding both ctopl and quids ire commonly eaten by all 
three pecle ot seals Che Tact that top } c} e on the bottom. are never 
ound in fur seal stomachs, although pelagi squids are a principal food source, 
tes further the different habits of ur seals and hair seals 


inukai recorded shrimp, herring, salmon, flounders, blenni 
ind a hexagrammid in Phoca 


es, smelts, sculpins, 
stomachs from Hokkaido in May 


1 Herring was the 
prepo derant food by a wid margin in the ymachs he examined. 
[he greatest quantity found in any stomach was 7.7 pounds. The average 
quantity of stomach contents was about 1.4 pounds, but this figure is not 


par- 
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ticularly significant since it varies according to the stage of digestion. The 
quantity of food-fishes eaten, together with the fact that for a large part of the 
year phocids inhabit inshore coastal waters, makes them a more serious com- 
petitor of Japanese fishermen than are fur seals. 

Utilization.—Seals brought to the shore stations are processed in the following 
manner: Flippers and tail chopped off with an axe. Skin slit from end to end on 
the ventral side and carefully sliced off, leaving almost all the blubber on the 
carcass. Very skillful knife work is required to free the skin rapidly with a mini- 
mum of fat and without cuts. Skin rinsed and the debris scraped from the hair 
with a knife. Remaining blubber scraped from the flesh side with a fleshing knife. 
Skins salted and piled flat. Layer of blubber peeled from the carcass as a single 
piece or slit longitudinally and taken off in two pieces if the seal is large. It is cut 
into rough squares, washed, and packed in boxes. Large muscles, including the 
upper limb bones, removed for human food, leaving the ribs, vertebral column, 
and skull. Skin partially removed from flippers to prepare for making gelatin 


Bones and viscera disposed of for fertilizer. 
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TURSIOPS AS AN EXPERIMENTAL SUBJECT 
By BarBARA LAWRENCE AND WILLIAM E. SCHEVILL 


During some recent acoustic experiments at Marine Studios in northern 
Florida, the authors were struck by the learning ability and behavior of their 
subject, a Tursiops truncatus (Montagu). There is a certain amount of pub- 
lished evidence (Wyman, 1863: 611; McBride & Hebb, 1948; McBride & Kritz- 
ler, 1951; Kritzler, 1952) suggesting that small odontocetes are truly remarkable 
animals, not only in their aquatic adaptations, but also in their intelligence. 
Observations over a period of years of Mr. Adolf Frohn’s remarkable work with 
the Marine Studios’ performing T'ursiops, ‘‘Flippy,’”’ confirm this. Nevertheless, 
as far as we have been able to find out, a porpoise had never before been used as 
a subject in a conditioned response test. For this reason, the details of our ani- 


mal’s behavior during her conditioning or learning period seem of particular in- 


terest. Our experiment, which was designed to explore the upper frequencies to 
which a TJ'ursiops responds, is reported on elsewhere (Schevill and Lawrence, 
1953a, b). In this paper we are concerned with the reactions of an adult bottle- 
nosed porpoise, which, four weeks after she was caught and six days after inten- 

training was started, was taking dead fish from the hand instead of hunting 

prey. For our purposes, hand feeding seemed the swiftest and most practical 
} 


get assessabie responses. Uur t 


training was in no sense intended to show 


or how fast a 7 urslops could learn. It was designed to establish a means of 


determining whether or not our subject had heard a signal. In other words we 


hed her to learn as swiftly as possible to respond to an acoustic signal of 

' e “A 
‘ n but variable frequency, and we wished her never to act in the same way 
the absence of our signal. Our training, though successful in producing the 
desired data, was less so in eliminating independent actions, and the sum total 


he animal’s behavior during the conditioning period makes a most interest- 


ture of the alertness of a propoise, as well as the ease with which it could 


subject was a female, a 


yparently old as indicated by the wear of her 


at the end of our experiment when she was a 


th; she was 252 em. long anc 
ttle thin, weighed 148 kg. She was shy, gentle, not very curious, easily upset, 
and often unpredictable. When caught she was accompanied by two young of 
about the same age, a female still nursing and a male that was not. After three 
veeks of captivity in a tank, when she had learned to eat dead fish and occa- 


to accept one from the hand of the feeder, she was turned loose in a 


~ a y 

fenced-off inlet of the Matanzas River at Marine Studios. This was an enclosure 
about 55 meters long and 20 wide with the long axis east and west. It was mud 
bottomed and fairly shallow, the deepest part having only eight feet at low 
tide. Visibility was poor; the water was generally so turbid that even a white 
object could not be seen through it for a greater distance than 0.3 m., making 


it extremely difficult to keep track of our animal’s activities. There was consider- 





vo 
or 
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able underwater noise, mostly made by snapping shrimp. Food fish, chiefly 


mullet, were present. Here she reverted to a semi-wild state, her onl 


y contact 
with people being the fish that were thrown to her at irregular intervals from 
the north bank. When we started work with her a week after she was put here, 
she was extremely wary, especially of our rowboat, possibly associating it with 
the nets in which she was captured, and also of a platform that had been built 
at the southwest corner of the pool during her sojourn there. Overcoming her 
aversion to this platform, which was to be used as a feeding station, was a criti 
cal part of her training. Our initial efforts to establish contact with her were 
entirely unsuccessful. The size of the enclosure permitted her to keep her dis- 
tance, and on the first day she was far too upset to do anything but swim ex- 
citedly from one end of the pool to the other, staying as far away as possible from 
our rowboat and the platform, and absolutely refusing to pay any attentio 
fish even when they were thrown close to her. Whole dead butterfish (Poro? 
triacanthus) were used for feeding and training her, and these made a slap o1 
the water which she later showed us she could hear for a considerable dista1 
She was kept on short rations of 12-15 pounds a day instead of a more norm: 
18-20, the fish averaging about five to a pound 

On the second day, when we fed her from the bank at three different times 
it was possible to get her to take fish if they were thrown near enough for her 
to see them through the murky water before they settled to the bottom. This 
was not easy, for she still avoided us. By throwing each of a series 


front of the previous one we could coax her towards the platform. She neve! 
stayed there, however, but always returned hastily to the head of the inlet 


circle. This was a favorite loafing place of hers, perhaps because the deeper v 


rest ol the enclosure On the third day we gay hi 


was cooler than i] 
feedings When one of u was out in the rowboat at the east end of the 


} 
] 


she stayed down at the west end, and it was not hard to coax her over to within 
20 feet of the piatiorm At such times she always came up to blo on the 


’ ; . at : ;' 
side of the inlet and approa hed the platform swimming as deep as é ula 


This meant that at high tide she made no surface wave, so that often th 
traces of he presence were the slicks that she made in turning after taking 
fish we had thrown. This keeping out of sight and away from us was in marked 


contrast to her apparent curiosity when she repeatedly blew quite near some 
children on the bank, evelng them as she did so 
By the fourth day she was much more accustomed to us and the p 

coming closer to get her fish and departing less hastily. She had also show 

she associated the sound of the fish siapping on the wate! with being fed. W 
tested this a number of times by slapping the water without throwing the fish 
when she was too far away to see, and found that she would come immediately 
When she was near, the fish was tossed to her. After she had learned to come for 


this sound, we hung a length of two-inch iron pipe in the water, called her with 
the slap, and then banged the pipe with a hammer as she was about to take the 


fish. The difficulty of seeing what she was doing and where she was going led us 


1 ona 


in the beginning to call her only when we felt fairly sure she would respond, aba 
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to wait until she was close before we banged the pipe. The sound never 
ened her away, and she soon learned what it meant. Up to this stage of her 
training she learned quickly, gradually became tamer, and showed no confusion, 
1e fifth day we tried to double the number of conditioning feedings by 


using half fish. First we interspersed half with whole fish and felt that she was 





r tnen altho th she was too deen 1or us to see whether or not she vas 
4 l 1, a ign } é 1 l 


spitting them out after seizing them. Later in the day when we tried half fish 




















I she apparently took a few of these and then lost all interest. About three 
tin he came close enough to see them, but t ithout taking them: 
then she ignored the signal, even refusing to come for whole fish. This was our 
first evidence of either confusion or lack of cooperation on her part. Porpoises, 
‘Flippy” for example, have been taught to eat pieces of fish, and iz 
on re th more time it might have been possible to do so with her 
s thi S essential to our work, we gave up the attempt 
U the s tl ds V e res imed Ising i e fist hick she Lor k agerl\ it our 
rs g Atte! his f fed ne re na f re! tne end or the DI itform 
ting until she was very close before easing the fish into the water just beyond 
ength. This was in an effort to make her come near the surface where she 
set he seized the fish. We felt that if we could overcome her shy- 
ne this extent, it would be easy to p le her to t from the hand. 
By this time she was much calmer; although she never lingered, she was much 
more leisul bout turning away after taking her fish. She had become accus- 
to the platform and the rowboat. bot} th and thout people, and her 
Q the platforn th people on it is much less explosive than 
f XT F ving seemeé t e! h the same meaning as a 
horse's s g). She still spent most I ng he deep end, 
tr ) ) T nnare + prospe ting ' Sry + we ni " 1 1 te 1 
I g g 
nde the feeding stat the absence of an acoustic signa 
RB 7 tha he < ming +} es the niatforn ertect|y 
I e took the fisl I t 1 of the feeder’s hand. The next 
sti lade hi ike fish from tl gers, which she d n the fi 
t i t nesit ng. ! t nasti mn ng , ST She repeated the 
pe hree or four es witl efusals juickly became us 
to t, coming in less deep and departing less fast. Up to this point we had 
sig ( ne ne s not ft rN e tried ’ g her vith the 
I 4 f ~ ) ner PDOsItlo! Chis ess nging her from inv- 
n the por matte hicl she s heading. After it was thus clea 
t } inderstood our signa e tried ti ne ynly hen we felt sure she 
had ntention of coming on her I Her patter pproach when she did 
me to be fed s to swim within eight or nine feet of the fish, turn on her 
side d come tl est of the yo ng her head th a nodding motio1 
é 
ppearances looking for the fish as she came. She judged her distance ely 
ever coming closer than she had to, so tl he fish was in front of and abov 
her as she took it, whereupon she ild go off, righting herself as she swam 
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away. She never snatched, and never got fingers with the fish, even though the 
feeder’s hand was in the water and the fish were sometimes so small that she 
nudged the hand as she took them. 

By the eighth day it was apparent that she understood our signal perfectly 
clearly, that we had overcome most of her initial fears, and that she actually 
preferred taking dead butterfish from the hand to bunting live mullet. When we 
later substituted a 15 ke note for the pipe signal, she learned its meaning quickly. 
After two successive feedings at the beginning of each of which we signaled with 
both pipe and 15 ke note, she had no further difficulty with the new signal. 
Even when the frequency was varied drastically we never had to teach her its 
meaning again. 


INCIDENTAL BEHAVIOR 


As she became tamer, evidences of independent behavior increased, and we 
were never successful in getting her to desist, partly because too persistent efforts 
to break up such behavior tended to make her ignore us. She frequently repeated 
maneuvers that had gained her a fish. If we signaled her to return for a second 
fish as she swam away after a first, she would next try returning without a 
signal. If we called her often from a particular place, she would return ther 
after responding to a signal and then come right back without waiting for a 
second one. Her prospecting trips were often started from spots whence she was 
customarily called. Such obvious independence was, of course, never rewarded 
At other times it was more difficult not to reinforce bad behavior, and, while 
failure to reward prospecting never made her give it up, failure to respond as 
she felt we should confused her. That is to say, if we mistook a prospecting trip 
for a slow response and gave her a fish, such trips immediately became more fre- 
quent, but if an apparent prospecting trip was in reality a slow response and she 
got no fish, her reaction the next time was not to come faster, but sometimes not 
to come at all. Other things also made her responses erratic. Too persistent at- 
tempts on our part to make her come when she had reason to feel sure there were 
no fish resulted in a refusal to pay any attention. This was especially true in the 
early morning when, presumably hungry, she spent a certain amount of tims 
hanging about the end of the platform. At these times we never fed her, but 
waited until she headed away, and then sent her a signal. On such occasions we 
were rarely successful in getting her to return, as if she thought there could be 
no fish where she had just looked and found none. This kind of confusion seemed 
rather obviously to come from efforts on her part to think things out. Late 


our work, when she refused to come for signals we knew she could hear, it was 
less clear what was disturbing her. The first time coincided with the arrival of 
two speed boats which circled and idled outside her enclosure, and which of 


course made a lot of underwater noise. Again, early the following morning, W he! 
she should have been hungry because of short rations the day before, she still 
refused to respond except occasionally. Later in the morning she settled down 
again, responding well and clearly. At other times when she refused to heed 


signals, she was obviously preoccupied. On oceasion she would loaf near the 
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surface, her body arched and head bent down, with her blowhole out of water 
and often open for longer than the usual breathing time. At these times we could 
see her turning her head from side to side as if listening or looking at or for some- 
thing under water. Sometimes she would dash from one end of the enclosure to 
th 


nd smacking it with her tail as she dove. 
The few times we saw her apparently 


e other, jumping clear of the water a 
-hasing fish, with mullet jumping near her, 
she behaved much like feeding T'ursiops seen in Biscayne Bay, swirling around 
on her side fast and erratically, part of the time with one of her flukes showing 
ef. Gunther 1949: 124). At other times she would dive again and again in the 
same place, often coming up with mud on her snout and back as far as her dor- 
sal fin. 

These various activities of hers did not occur at regular intervals. Careful ob- 
servation showed no well-marked diurnal behavior patterns. Her path when idly 
circling the pool varied, but on any given occasion stayed the same for quite a 
time, usually until she was distracted by something else. During these periods 
she was apt to blow regularly at the same place. When feeding started, especially 





in the morning after she had been called for her first fish, she always was more 


excited,—swimming faster, blowing more hastily, and varying her path more. 
If we then waited a long time without resuming feeding, she would relapse into 
leisurely circling. The early morning feeding also stimulated more active pros- 


pecting on her part, and she would come in fast from any corner of the pool, 
with or without signal. 

Although the murkiness of the water prevented us from seeing her except 
when she surfaced, we were sometimes helped by indications of her concealed 
vements. In calm weather or at low tide it was easy to track her when shallow, 
as she was followed by a conspicuous V-shaped wave, with the initial depression 
usually about over her nape and the first marked wave crest close behind, nearly 


the dorsal fin. A less immediate indication of her movements was given by 


ove 

the slicks or boils caused by the upstroke of her flukes as she swam (cf. Gunther, 
1949: 117, 118, 128, 132), and the often more violent swirl resulting from an 
al rupt ¢ hange of course 


During this experiment we listened continuously and attentively over a wide 
range of frequencies, from about .05 to 153 ke (and occasionally as high as 196). 
Our porpoise not infrequently made sounds, mostly restricting herself to faint 
creaks. The whistle-like squeal and louder snoring creaks so generally heard from 
groups of Tursiops were almost totally absent. Even during the excitement of 
being seined out of the pool at the end of the experiment, she made no greater 
outcry than this gentle creak, and not much of that. The only time when we 
were able to associate her sounds with behavior or state of mind was on the morn- 
ing after the motor boat disturbance, when she was still upset; then she seemed 
to have more to say than usual, sometimes squealing and creaking, but not in 
any consistent relation to our signal; this was the only occasion on which we 
heard her give the whistle-like squeals. 

Even more noteworthy was the complete absence of any evidence that she was 
using echo-location, in spite of the murkiness of the water (Secchi disk reading 
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usually 30 cm.), which might seem to call for some such method of navigation. 
Although she spent most of her time actively swimming about the pool, she was 
for the most part silent, and such sounds as she did make seemed to have no 
relation to her movements or surroundings. When she swam in to the platform 
to get her food we almost never heard sounds from her. 

Her gentleness when we started hand feeding confirmed our previous experi- 
ence with T'ursiops, when one of us, in a preliminary investigation of breathing 
and phonation, took considerable liberties with a young bull T'ursiops (this was 
“Flippy”’, then in his first year of schooling). Although the two were together in 
a small] tank, 6 m. in diameter, and the T'ursiops actively resented being handled, 
he neither bit nor struck the man with tail or snout in spite of abundant oppor- 
tunities during the half hour struggle before the porpoise was finally, with the 
aid of Dr. Henry Kritzler (then Associate Curator at Marine Studios) put into 
a sling. This gentleness was also shown at Mr. P. F. McKinney’s “Theatre of 
the Sea’? on Windley Key, Florida, where two T'ursiops were not only willing 
but eager to play with a sixteen-year-old boy, Clarence Lowe, who grabbed them 
by the dorsal fin to be pulled about or seized them around the snout. This tol- 
erance of people was even more remarkable in our animal, which accepted us so 
swiftly even though old when caught. It is further noteworthy in view of the not 
infrequent fractious behavior of individuals in a group of porpoises, which will 
whack each other audibly with the tail when annoyed, and otherwise play rather 
roughly. The dominant animals will also threaten with even more audible jaw 
snaps, threats which are not always idle, as witness the numerous series of tooth 
marks seen on some individuals. It is also true, as we have reason to know, that 
it is perfectly possible, though unusual, for an experimenter to exasperate a 
usually amiable animal into taking a gentle nip at him. 


SUMMARY AND DISCUSSION 


Although porpoises are familiar to most seafarers, few people have had the 
opportunity to study them in captivity. Occasional specimens, particularly be- 
luga (Delphinapterus), have in the past been kept alive for relatively short pe 
riods of time, but observations on them are few (e.g. Wyman, 1863; Lee, 1878 
Townsend, 1914). It was not until the late Arthur McBride of Marine Studios 
successfully developed a system for keeping 7'ursiops alive and healthy that con- 
secutive observations over a long period have been possible. Such observations 
suggested very strongly that porpoises are of a high order of intelligence, Me- 
Bride and Hebb (1948: 120) implying that the level lies between that of a dog 
and a chimpanzee. This is borne out by Mr. Adolf Frohn’s successful program 
of gradually teaching a varied repertory of tricks to a single Tursiops at Marine 
Studios (e.g., Hediger, 1952). In spite of this, actual experiments to see how 
swiftly a fresh-caught, adult Tursiops can be tamed and how readily it learns 
appear not to have been reported. Incidental to some acoustic experiments, we 
have recently had occasion to observe such behavior in detail and were interested 
by the ease with which our animal learned. In order fully to appreciate this, 
her performance should be considered against the background of her normal 


habits, her age, and her environment. 
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Wild porpoises habitually feed on live fish that they actively pursue. Our ani- 
mal was fed dead ones, which she readily accepted as a substitute in spite of the 
presence of live fish in her enclosure, and only refused this abnormal diet when 
we tried feeding her cut fish. The porpoises on exhibition at Marine Studios 
have also given up hunting live prey, though they frequently chivvy the fish 
that are in the tank with them. Apparently this is just for fun, as they rely for 
food on dead fish that are hand fed. Of the two young that were caught with our 
cow, one, which was not nursing, learned to eat dead fish, while the other, which 






1 not been weaned, would carry them around in her mouth but would not 
swallow them. 

Our animal was apparently old, and by analogy with land mammals this 
must have been a handicap to her in learning, yet in four days she was trained 
to come for a fish in response to an acoustic signal, and by the seventh day she 
had overcome an initial wariness of us and an even more pronounced aversion 
to the feeding platform to the extent of being willing to approach it closely to 
accept a fish from the hand. We never had to teach her to take her food gently; 
from the very beginning she avoided biting the feeder. This has so generally 
been the case with the exhibition porpoises at Marine Studios and elsewhere that 

s more or less taken for granted, and yet it is certainly at variance with the 
usual behavior of a predator, particularly one that has been in captivity for 
scarcely a month, 

One of the most difficult obstacles in the way of her early training was the fact 
that the experimenter and the subject were in different environments and thus 

1 she was less shy and had 
learned the meaning of an acoustic signal, we were still handicapped in our efforts 


by the fact that the enclosure was large and the water in it murky, so that she 


largely out of contact with each other. Later wh 


+] 
I 


was almost entirely invisible except for her brief intervals of blowing. This made 
it impossible to know most of the time what she was doing, and often where she 
was; as a result much of what she learned was in spite of what must sometimes 
have seemed to her very confusing behavior on our part. 

Our previous studies and observations of porpoises had led us to expect many 
of the qualities which our animal showed, particularly her intelligence and her 
gentle willingness to accept people. Evidences of her intelligence were not limited 
to the speed with which she understood what it was both safe and profitable for 
her to do. She also persistently indulged in independent actions that varied with 
the circumstances in such a way as to strongly suggest that she was trying to 
anticipate our actions by thinking them out 

As we were measuring acoustic responses, we had ample opportunity to listen 
to our animal. In our experience solitary porpoises have almost always been 
taciturn, while groups of them, whether free or in captivity, have been quite 
voluble. It was thus the more noticeable that our solitary animal was not in- 
frequently heard uttering sounds. We listened to these over a wide band of 
frequencies and were struck by the complete lack of evidence that she was using 
any of these for echo-location. 
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DISTRIBUTION OF THE MEADOW JUMPING MOUSE ZAPUS 
HUDSONIUS IN OHIO 


By Rate W. Dexter 


During the past 15 years the writer has had his attention called to a number 


of specimens and records of the meadow jumping mouse Zapus hudsonius (Zim- 


merman! collected in Ohio Some were collected with classes on f ] 


ield trips, while 
others were brought to the laboratory by students who had captured them. 
An attempt has been made to compile all known records to map the state-wide 


distribution of this species. Both published and unpublished records have 


mbled here for that purpose. The common occurrence of this rodent in 


been 


rtheastern Ohio and its comparat rarity in the remainder of the state 





presents an interesting problem in biogeography. In this study attention has 
been giver ‘ily to the species as a unit because of the lack of information 
spe ific status of many of the records known to-date Specimens for many 
records ited here are no onger a lable so that subspecific rank could 
letermined. The writer is grateful to his students and other interested 

| ho have codperated in the collection of specimens and to the zodlogists 
have contributed their field or museum data to this « ompilation Spa ‘e does 

not permit mention of all of those who have given material aid, but special 


nks are due the following persons for their assistance: B. P. Bole, Jr., Western 
Reserve University; E. H. Dustman, Ohio Codéperative Wildlife Research Unit 
S. Findley and Philip Krutzsch, Museum of Natural History, University of 
Kans N ( Negus, Ohio State Universitv: W. B Quay, Museum of Zoology, 
> 
\ 


& 
and E. S. Thomas and R. M. Goslin, Ohio State 


ublished list of Ohio mamma Kirt 1, 1838), there is mention of a “‘kan 
g e’’ without comment or precise data. Undoubtedly this referred to the jumping 
1 apparently its presence in Ohio was recognized even though nothing specific 
ut it. Langdon (1880), in compiling the mammals of the Cincinnati region 
Zapus hudsonius i A list of species not yet identified whose range includes this 
He also noted that it was ncluded without comment in Kirtland’s catalogue.”’ 

Tw ears later, however, Brayton (1882) wrote that Mr. Langdon has ‘recognized 
satisfactorily’ in Ohio.”’ Vickers (1893) published a record of capturing this species in a 
gr field at Ellsworth, Mahoning Count n September, 1893. This is the first published 
ised upon captured specimens. It is worthy of note that Mr. Vickers has main 
interest in this species through the years and gave valuable assistance to the writer 

ng this report 


In his revision of the genus Zap E. A. Preble (1899) listed a specimen of Z. hudsonius 
rom Portland Station, Ohio. This locality was a railroad station in Warren Township of 


son Countv, one mile upstream from the mouth of Short Creek, but it no longer exists 


amed place. It has been confused by subsequent writers with the town of Portland in 
Meigs County. Hine (1906) found Z. hudsonius ‘‘to be common in parts of Summit County 
last summer.’’ He captured several specimens at Ira in fields of standing grain and hay 
Later (Hine, 1910), he wrote that the ‘‘jumping mouse is reported as rare in some localities, 


it in other localities it certainly is rather plentiful.’’ He admitted, however, that few speci- 
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mens had been captured. He quoted the record of Preble (ibid.), incorrectly assigning it to 
Mahoning County, and his own from Ira that was deposited in the Ohio State University 
Museum. He stated that Z. h. americanus ‘‘is common in parts of the Western Reserve”’ 
but gave no details. 

Gossard (1923) reviewed to date the records of jumping mice from Ohio and added one 
taken from Berwick, Seneca County, in December, 1922. He also noted that R. C 
at Ohio State University had reported specimens brought to him from Scioto and Ross 


Osburn 


counties. Enders (1930) also reviewed the matter, adding records from Craigton and 
Wooster in Wayne County and Carrollton from Carroll County. W. B. Quay has informed 
the writer that the four specimens collected by Enders are deposited in the mammal collec- 
tion of the University of Michigan Museum of Zoology 

In a study of ‘‘The dietary habits of barn owls,’’ Stupka (no date) found a number of 
skulls of Z. hudsonius. Among 5,082 mammal skulls removed from barn owl pellets collected 
at Buckeye Lake (Fairfield County) in February of 1930, there were eight of Z. hudsonius 
Among 1,806 mammal skulls examined from pellets found at Toledo (Lucas County) in 
December, 1930, there were eleven of that species. In a manuscript report, Wharram (1933 
reported Z. hudsonius from the following townships of Ashtabula County—Harpersfield, 
Austinburg, Geneva, Saybrook, Morgan, and Plymouth. He reported that it was seen 





damp meadows, thickets of underbrush, and borders of woodlands. Williams (1936) repo 
one specimen trapped at North Chagrin Reservation, situated in Lake and Cuyahoga cour 
ties, in 1932. Bole (1939) trapped a number of specimens from the Cleveland region betweer 
1936-1939 in six different habitats. Galaida (1941) reported the meadow jumping mouse fr 
Mill Creek Park in Youngstown 


Bole and Moulthrop (1942), in their study of the mammal collection of the Clevelar 


Museum of Natural History, listed 97 specimens of Z. } 


the following counties—Ashtabula, Lake, Cuyahoga, Geauga, and Portage. Fifteen spex 





from 20 Ohio localities 


mens of Z. h. brevipes were listed from eight Ohio localities in Cuyahoga, E 





counties, and a single Z. h. rafinesquei was recorded from Cat Run in Belmont County (type 





locality). Aldrich (1943) reported Z. hudsonius from six zones of swamp vegetation succes 
sion about Aurora Pond in Portage County. Dexter (1943) reported one specime! 

gorge at Stow (Summit County) in October, 1937. Chiavetta (1948) collected three speci 
mens in September, 1946, in a swamp on the Williams County State Game Refugs Beave 


( reel in. 





NEW FIELD RECORDS OF ZAPUS HUDSONIUS 





All unpublished Ohio records of Z. hudson that could be located are tabulated here 
Seventeen new locality records are established by specimens or data from the laboratories 
of Kent State University while 34 were sent by cooperating zoologists. In those cases wher« 

nens have been deposited in a museum collection, indication is made with the following 
symbol A.M.N.H American Museum of Natural Histor New York); O.M.M. (Ol 
Mill Museum, Mill Creek Park, Youngstown); O.1 Ohio University, Ather O0.8.M 


Ohio State Museum, Columbus); U.S.N.M. (U. 8S. National Museum, Washington 
Ashtabula Count Farnham, 1 (VII-28-38) O.8.M.; Wayne Twp., 1 (in hibernatio 
M. C. Gilfillan, Spring 1940); Mechanicsville, 3 (N. C. Negus, V-22-43; VIII-19, 20-44 





6 (J. 8. Findley, VIII-12, 14-43; VIII-19, 20-44); Geneva Twp., 3 (Dominic Rose, Spring 


1950 
Athens County Athens, 1 H. H. Shannel, [X-26-28) U.S.N.M.; 2 (H. T. Gier, XII 
17-38; V-14-41) O.U.; 2 (Henri Seibert, V-13-51; X-25-51) O.1 Dover Twp., 1 (H. T. Gier 


Carr Count Lake Leesville, 1 (Colem Foster, VI-30-44 1 (C 4. Dambacl! 
VII-49 

Champaign County Urbana, 3 (Woodrow Goodpaster, V-19, 20, 26-48 

Columbiana Count Knox Twp., sev Mary Stanley, 1936-44 


Cuyahoga County.—Independence, 1 (in hibernation) (R. M. Goslin, IV-25-30) O.S.M 
Mayfield Heights, 1 (J. S. Findley, V-24-43); Pepper Pike, 2 (J. S. Findley X-3, 4-43 
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Shaker Heights, 4 (J. S Findley, V-23-43; IX-25-43; VI-6-44); Gates Mills Blvd at Cedar 
td., 4 (N.C. Negus, VI-27-44; IX-8-44); 8. Woodland Rd. at Brainard Rd.. 2 N.C. Negus, 
VIII-31-44) ; Moreland Hills, 13 (W. B. Quay, IX-11-43; V-25-44: VIII-3 to 28-44 ; Hunting 
Valley, 5 (W. B. Quay, VIII-26-43; VI-1-44; VII-16-47): Rocky River. 2 Coleman Foster, 
VIII-30-44; VI-7-45 

Erie County.—Huron, 2 (R. M. Goslin, VI-2, 17-30) O.S.M.; Milan, 1 (J. 8. Katz and 


J. Benjamin, V-13-37 





Fairfield County.—Hocking Twp., 1 (W. E. Goslin, VI-27-29) O.S.M 
Franklin Count) Central College 1, (L. E. Hicks, V-7-32) O.S.M.: Columbus. 1 (L E 
Hicks, X-1-38 


Geauga County Chesterland Caves, 5 (W.B Quay, VIII-28 to 30-43); Russell Center, 
5 (W. B. Quay, VITI-13-43; IX -11-44 
Greene County.—Yellow Spr 1 skull (A. Baker, III-22-39) O.S.M 





Highland County.—Fort Hill, 3 (H. Cartwright, II-44) O.S.M 
ing County.—Goodhope Twp., 2 (M. B. Trautman, IV-9-38) O.S.M.: Washington 
Wendell Hall, [X-17-52) O.S.M 





Huron Count, Locality unknow1 J. Mouson and D. Atzenhofer, V-13-40 
Knox County Fredericktown, sev James Smith, Spring 1949 
Lake County Holden Arboretur VII-12, 13-38); Kirtland Twp., 1 (Fred Schlein. 


ng Count John ywn, 1 sk i LX -26-0€ 4 M.N.A 
Madis Cou West Jeffers c.% Hambleton, V-5-10) O.S.M 
Mahoning County.—Locality unknown, 1 (in hibernatior E. W. Vickers, IX-23-04) 


0.M.M.; Ellsworth, 1 (E. W. Vickers, VII-6-08) 0.M.M.; Mill Creek Park, 1 (E. W. Vickers. 


Me County.—Hin VIII 5 
Tuncti ( R Me VITl 52) O.S.M 
2 va ( un { r ‘ y. [xX f 2S () 5 M 
ge County.—R« Tv 6 (] rdt R VII-18-43; X-5-47; XI-15-52 


L. Newell, IV-21-52): Char Hi = g 

R ( I kf R. M VI-10-48) O.S.M 

g Cou a . yu aa 9). Har a I. Birtalen 

Summit County.—lIra, 10 (W. F. Henninger et X1I-5-05; VII-15-09; VIII-1, 10-09: 
[II-17; I[-15-32) O.S.M.; Stow, se C. P. Mountz, 1941); Tallmadge, 8 (J. Questal, 
VII-47; V-2-48; V-22-48; VII-27-48; VIII-17-48; IX-48); Streetsboro, 6 (R. D. Foldessy, 
III-15-48; IX-24-48; VII-20-49 

Tu van Cou Zoar, 1 (D. M. Brov (] 

v Coun Pleasant Pla C. Foxbow VI 27 

Wayne County.—Fredericksburg A. H. Hosfeld, VII-43; VII-44). Clinton Twp 

S. Thomas, VII-12-47) 0.S.M 
Wood County.—Bowling Green, 2 (E. L. Moseley, 1916 and 1926) A.M.N.H 
DISTRIBUTION IN OHIO 

Ge up} listribution.—Field records to-date indicate that Z. hudsonius is found in 
Ol 48 a common species only in the northeastern corner. About 60 per cent of the locality 
records (irom total of 111) and most of the multiple records from a single locality are from 
his area. Of the collect localities, 35 per cent are situated in the Transition life zone 





while another 25 per cent are within 30 miles of that boundary. Some e¢ ologists do not have 

in the application of Merriam’s life zone system to Ohio. Admittedly the boundary 
of ile Zones in this state does not seem to have much significance. It will be of interest to 
some, however, that the distribution of Z. hudsonius in Ohio so far as it is known does fit 


+ 


into Merriam’s life zone pattern. This may be purely coincidental, and it must be borne in 
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ematic collecting of small 1 mmals has been I 
state. All but 13 records ar« the glaciated tat 
ny plateau, and over half of those 41 are within a few miles « 
known records are from the glaciated Allegheny plateau. The 1 
ar ut ually divided betwee those on the fring¢ yf this physiographic unit 
widely scattered throughout the unglaciated plateau and the Western basin. Ag 
be kept in mind that some regions of the state | not bee re studied. O 
hand, in s sections of O] intensi\ tudies on mammal populations have 
indicate the presence of this species. For « 1 Norman C. Negus has w1 
lor tensive collecting it th Butl nd Hamilton Count southwes 
state) and have never collected Zapus.’’ Some locality records reported and 1 
based upon single specim«s Howe han | 1 century of f 
the important area abundance have probal me to the attention of fi 
1 the distribution pattern shown in Figure 1 has emerged. Further records 
picture, but the main outline of geographic distribution seems well est isk 
tions br the distributio Z. hudsonius and the physiographi« 1 
} ¢ } vn the IY i 1T li f DO ble rel T ) ~ T { ] T l€ ess cau 
relations 
J. S. Findley has kindly indicated on the the prot geographic dist 
tl] r ibspecies reported from Ohio. According to his interpretation, Z. / 
yu the north Z.h. brevipes in the northwest, and Z. h. rafinesquei i1 
He has pointed t (pers communicatior 
imes show a tergrading subspecific cl 
out 300 specimens of Z. hudsonius hav: 
unother. In add 1,I lependable sig 
this mammal is more abundant in certai yrabl 
present field data. Ordinarily it is not ery ¢ 








many of the captured specimens have | 
bility. Once cornered it becomes very d 
stribution for the most } Quin 1951) stated 

ing mice prefer more or less moist and open h: ts.’’ As the common name ind 
species frequently inhabits meadows and fields. D Dp meadows, gra 1} 
preferred habitats, but it is also found in margins of streams and glacial swan 
shrubby second growth, borders of woodlands, and beech-maple or beech-n 
woods and ravines. Bole (1939) found in his study in the Cleveland area that 
number per acre was as follows: rich meadow (18.0); swamp shrub (12.0 
7.0); thorn-shrub (4.8); wood’s edge (4.0); fallow fields (3.5). W. B. Quay | 
personal communication) that he found a populatior 13 per acre in his stud 
ft. quadrat placed in a moist, heavily shaded woodsedge field with a dense growt 


I 
1 this quadrat from August 20 to 28, 1944 


Morela 








Usually Z. hudsonius is found near water. Many of the collecting sites kno 
from Ohio are in the vicinity of streams and lakes. Almost always the habitat is 1 
this factor seems to be one of significant controlling factors in its distr 
ibundance. Bole (tbid.) wrote upus is greatly influenced by local and seaso1 
of water is, relative humidity, and general precipi on as reflected by 
herbaceous vegetation.’’ This may account in part for the annual fluctuations ir 


and periodi outbreaks observed for this species In addition, Bole personal « 
tion) has recently determined that the cycle of abund is 11.2+ years, 





with the sunspot cycle. Its frequent proximity to water raises the question of it 
H 1935 Prebl 1944 1951) have 


the swimming behavior of Z. hudsonius Stone and Cram 


Clark 


ability imilton e , Snyder 7), and Quimby 


und 


On the other hand, 
tioned that it is “frequently drowned in milk-pans and tubs of water 
set in the ground 


The 


captured this species in water traps (buckets of water 


reported a number of specimens drowned in fish hatchery ponds writer had 


men brought to him that had drowned in a goldfish pool 


nd Hills, Cuyahog 


and Warf« 
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OHIO 


SCALE OF MILES 


0 20 40 60 
t L l } 








Fig. 1.—Distribution of Zapus hudsonius in Ohio. A-A’ is glacial boundary. B-B’ is 
escarpment of Allegheny Plateau. C-C’ is boundary between Transition and Upper Austral 
life zones. Dash lines indicate probable distribution of the three subspecies in Ohio sug- 
gested by J. S. Findley—Z. h. hardyi in the northeast, Z. h. brevipes in the northwest, and 


Z.h. rafinesquei in the central and southern sections of the state. Circles indicate specimen 
records 


; Squares are sight records or indefinite records for the area 


SUMMARY AND CONCLUSIONS 


A total of about 300 specimens of the meadow jumping mouse Zapus hudsonius 
have been captured from 111 localities in the state of Ohio. These include both 
published records and new ones which are summarized in this paper. All localities 
are mapped. 
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About 60 per cent of the locality records are in the northeastern corner of the 
state, for the most part within or close to the Transition life zone. Most of the 
records outside of this area are based on single specimens. 

Over half of the records (52 per cent) are from the glaciated Allegheny Plateau, 
and half of the remainder are in the fringe of this physiographic region. 


Habitats in order of preference are: damp meadows; grain and hay fiel 


margins of streams and glacial swamps and bogs; 














, shrubby second growth 
borders of woodlands; and beech-maple or beech-maple-hemlock woods and 
ravines. 
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[wenty-one packrats were collected by trapping and 
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TABLE 1 Comparison of rock and soil colors from Black Gap Region, Brewster County, 
Texas. Reflectionmeter readings fo eflected red (Average of 5). Lin estone sample A is 
massive gray; sample B is soft chalky, and derived ‘‘soil’’ is mostly rock dust and small 


fragment 


LIMESTONE A LIMESTONE B 
STANCE BASALT PROBABLY PROBABLY BOQUILLA 
ORGETOWN TERLING 
Freshly fractured rock 10.2 
Weathered rock 20.4 40.6 §3 .2 
Soil 20.0 31.0 40.8 


marked discontinuity of small populations. The rats were found in only two 
microhabitats. They occurred on outcrops of both limestone and lava and on the 
adjacent talus, where their nests were made among the rocks or in crevices 
They occurred also on the alluvial fans, where the nests were almost entirely 
restricted to clumps of a prickly pear (tentatively identified as Opuntia phaecan- 
tha). At least three prickly pears were present in the area, but the other two 
(Opuntia tenuispina and O. rufida) were not being used by the rats. One old and 
apparently long-abandoned nest was found in a large clump of O. tenuispina, but 
every other cactus nest was found in O. phaecantha. The habit of this cactus of 
forming a dense clump, often three to four feet in height, and its long, numerous 
spines apparently account for its choice over the other prickly pears as a nesting 
site. The other species have a more erect habit of growth, and O. rufida lacks 
large spines. As a consequence of the uneven distribution of its preferred habitats 
Neotoma albigula is very unevenly distributed. No sign of these rats was found 
on the level to rolling plains intervening between rocky hills and prominences, 
where the principal plants were creosote bush (Larrea divaricata) and huisache 
(Acacia vernicosa). Determination of the amount of dispersal of the rats across 
these unfavorable habitats must await a field study of population dynamics, but 
it does seem evident that there must be some restriction on exchange of indi- 
viduals between the many small colonies. 

Color variation.—Two color types are present in the 21 specimens of Neotoma 
albigula from Black Gap. One of these is what might be called the normal type 
for the species in western Texas and elsewhere in its range. The dorsal surface 
is pale, buffy gray with a sprinkling of dark brown. The dorsal body hairs are 
very distinctly banded, and the paler terminal and subterminal bands contrast 
strongly with the normally-hidden, dark, slaty gray of the proximal band. The 
dorsal hairs of both the fore and hind feet are white to their bases. The tail is 
sharply bicolored. The dorsal tail hairs are black throughout except for those 
at the base, while the ventral hairs are white throughout their length. On the 
ventral surface of the body, the inguinal, thoracic, and jugular regions are 
covered by hairs that are white throughout their lengths. In a broad band reach- 
ing across the abdomen, the hairs are bicolored, with a white terminal band and 
a pale gray proximal one. 

The other color type is indistinguishable from the melanistic N. a. melas 
described from the Tularosa Malpais in Lincoln County, New Mexico, by Dice 
(Occ. Papers Mus. Zool. Univ. Michigan, 202: 1-4, 1929). The dorsum is black- 
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ish, shading into dark gray on the lateral surfaces. The hairs of the mid-dorsal 
area are virtually unicolor except for a slight apical darkening. Laterally, a slate 
gray proximal band is darker than the gray terminal band. The tail is nearly 
black and only slightly darker above than it is below. The dorsal surfaces of the 
front feet are white to the wrists, and the dorsal surfaces of the hind toes are 
white. Ventrally on the body, all hairs are dark to their tips except for a spot 
in the inguinal region and running in a thin line along the inner surface of the 
hind limbs and a thoracic-jugular-gular spot, i 
white. 

The striking color pattern of the 


n which the hairs are completely 


melanistic rats from the two lava areas is 
not genetically simple, but neither does it seem as complicated as most color 


patterns in wild populations. In the melanistic type, one or more (possibly 


several) genes are probably responsible for the general darkening of the color. A 
different gene or group of genes apparently acts to prevent darkening of the hairs 


on the dorsal surfaces of the feet and on the ventral inguinal and thoracic regions. 


The 21 specimens collected can be classified into two phenotypes on the basis of 


either color or pattern (Table 2). In color, they are either normal or melanistic, 


although a polygenic effect on each phenotype is suggested by some variation 
in the shade of pelage color. In pattern, they are either normal or they show the 
previously noted contrast | 


etween essentially all-dark pelage over most of the 
body and all-1 


vhite hairs on the feet and in the thoracico-jugular regions. 


[he two adults and one subadult taken on limestone in the vicinity of Dell 
lank on the Black Gap Area were normal in pattern. The skin of only one of the 
adults could be saved, and this individual was paler in color than any other 
rat collected (Table 2). The subadult was no paler than the palest of the 


melanistic subadults from lava soils, but it had the normal color pattern. Eighteen 


pecimens were collected two to three miles away from the first station and on 
the main body of lava, 


of these w 


melanism 


near the Black Gap headquarters and south of it. Six 
ere normal in pattern, and 12 showed the color pattern associated with 
There is, then, a polymorphic population in respect to color and pat- 
tern on the lava soils, with the melanistic pattern exceeding the normal one 
out two to one. Although all three of the specimens from limestone soils are 
normal in pattern, the sample is too small to show the frequency of the two color 
patterns on the limestone areas surrounding the lava beds. 





L ABLE 2 ( r paitern and shade of ve lage col ; y flectionmeter 
ling Neotoma all sla fre the Black Gap A 1B ter Count Teras 
4 REI 
5 M 
M ' 
. P - : 
N \ 
A rom limestone ] 2 
Ad lava 14 & 1 6-12 6.67 ).18 
Subadults from limestone l | 1] 
Subadults from lava 4 } 10-11 10.50 


* One other could not be 
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Discussion.—The high frequency of the melanistic pattern in the population 
of the Black Gap lava beds apparently results from the selection there in favor 
of melanistic mutants. The striking parallelism in color and pattern between 
these melanistic rats and the rats of the Tularosa Malpais, over 300 miles away, 
seems explainable only on the basis of parallel selection of similar or identical 
mutations on the lava beds, where such mutations are of survival value. Muta- 
tions to melanism presumably occur throughout the species population at an 
unknown and possibly low rate. The melanistic mutants should be selected 
against in most populations of the species, for the backgrounds on which most 
of these inhabitants of arid or semi-arid country live are predominantly pale ir 
color. The evolution of the essentially similar color races on isolated lava beds 
can be explained simply as the result of parallel shifts in gene frequency under 
similar conditions of selection. This case supports the argument of Dice and 
Blossom (Publ. Carnegie Inst. Washington, 485: i-iv, 1-129, 1937) that, “most 
geographic races ...are only responses to a local type of environment.” The 
variability of the population on the Black Gap lava evidently results from the 
opposing effects of past and present selection pressure on the lava-bed population 
and of immigration pressure on it from the populations occupying the surround 
ing limestone soils. Continued existence of the melanistic color race depends or 
the continued maintenance of a balance between these opposing pressures. It 
seems entirely likely that the melanistic race at Black Gap will eventually dis 


appear through swamping from the surrounding populations as the lava is 
eroded away to expose the underlying limestones. It may be eventually possibl. 
to measure the selection pressure and the immigration pressure on the lava-be 
populatio1 
No formal subspecific name is proposed for the Black Gap populati 


does there seem to be any particularly good reason why it should be nan 


Approximately one-third of the individuals in the lava-beds population could 


not be distinguished from the pale-colored rats living on nearby limestot 
if the ratio of color types in the sample is indicative of the ratio in the popu 
lation. There are no apparent skeletal differences betwee1 the melanistic and the 
normal-colored rats 

Summary.—A high incidence of melanism was discovered in a Neoto 


albigula population of a tertiary lava bed in Brewster County, Texas. Two 


types of rats were found in this population—a “normal” one and a melanis 


type indistinguishable from the dark N. a. melas of the Tularosa M: lpai ( 
New Mexico. The melanistic rats outnumbered the normally-colored ones i 
the ratio of two to one. The lava occurs today in isolated patches, scattered over 


an area of 50 to 60 square miles in a region of pre dominalr tly-pale, Cretacs 


limestones. The polymorphism of the lava-beds population is attributed to | 


selection pressures on this population and to immigration pressures on it from 


the populations of the limestone soils. Immigration pressure is undoubted; 


influenced by the distribution of the rats in partially isolated colonies in pre 
ferred local environments 


Department of Zoology, University of Texas, Austin, 12, Received February 2, 1953 
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[HE BUSHY-TAILED GERBIL, GERBILLUS CALURUS THOMAS, 
OF SOUTH SINAI 


By Kamat WassIF 
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The structure of the Tore and hir d feet of G. calurus is typical | members 
f the subgenus Dipodillus. The palms and soles are naked. The hand has two 


arge arpal pads and three smaller digital p ids. The soles are quit naked, each 
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pads 


The ears of G. calurus are large and are sparsely covered with long hairs. The 
he ear is deeply pigmented and is in marked contrast to the skin of th 


skin of t 


JOURNAL OF MAMMALOGY 





Gerbillus calurus, skul 


Dipodillu 
Me 


1, lateral view LOWER) Skull, poster 
caluru B. Gerbil Gerbil 


rzone Pallasion 


"billu 


shau D 


pads the three pads at the base of the toes are large 


ulated skin of the foot. The metatarsal] pads ar 


Vol. 35, No 


and are surrounded 


smaller than the digit 











Li 














May, 1954 WASSIF—BUSHY-TAILED GERBIL 245 
head and body, which is covered with long, dense fur. The ears of G. calurus 
resemble those of Gerbillus campestris recorded by Hayman (1948) from the Siwa 
Oasis of Egypt. 

Cranial Characters.—The skull of G. calurus (Fig. 1) resembles that of the 
genus Gerbillus and differs from that of Meriones. In G. calurus there is a long 
and slender muzzle, and a narrow interorbital region. The mastoid bullae are 
inflated and the supraoccipital is broad. The tympanic bulla is large and pear- 
shaped. It is larger than that of G. pyramidum but the general outline is the same 
in both cases. In both species the osseous tuba auditiva externa (Fig. 1, A) is 
short, horseshoe-shaped with a thickened outer margin; the tube is not in contact 
vith the posterior part of the zygomati arch. In the different species of Meriones 
examined the tuba auditiva externa forms a deep funnel, the margin surrounding 


the meatus is neither thickened nor differentiated from the rest of the funnel. 


In G. calurus the zygomatic process of the squamosal smoothly curves forwards 

oin the jugal. The T-shaped postmeatal process arises high up the squamosal. 

As in members of the genus Gerbillus, the suprameatal triangle is vestigial. In 

Veriones the zygomatic process of the squamosal is obliquely directed backwards 
he suprameatal triangle is large. (Fig. 1, C and D 

Dental Character The teeth of G. calurus differ from those of members of 


the senus Meriones and verv much resemble those of Dipodillus Ficures 2 and 3 


SI the enamel pattern of the cheekteeth in Merion Gerbillus and Dipodillus 
lhe figures are camera lucida drawings from selected adult specimens in which 
the enamel was eroded to the same extent. The affinities of G. calurus to various 
species of Dipodillus are obvious. In Merion Fig. 2, B) the molars have simple 
V-shaped infoldings of the enamel of the outer and inner sides meeting in the 

ddle line and forming three lozenge-shaped, subequal divisions of M! and two 

M2, the last molar being simple and pillar-like. In members of the genus 
Gerbillus (Figs. 2 and 3) the third upper molar is not pillar-like but consists of a 
broad anterior lamina and a large posterior tubercle. The tubercle is more de 





Fig. 2. Cheekteeth, right upper and lower of: A. Gerbillus (Gerbillus) pyramidum. B. 


Ve tome Pallasiom {s shaw? 
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Fig. 3. Cheekteeth, right upper and lower of: A. Gerbillus (Dipodillus) calurus. B 
Gerbillus (Dipodillus cam pe stris. C. Gerbillus (Dipodill 18 quadrimaculatus D. Gerbillus 
(Dipodillus) dasyurus 


veloped in larger than in smaller forms. Thus, a large posterior tubercle is found 
in G. calurus, G. campestris, and G. pyramidum and a small tubercle in G. quadri- 
maculatus and G. dasyurus. The enamel of M' and M? forms oblique laminae 
separated by folds. In M! there are three transverse laminae separated on either 
side by two folds of which the antero-external and postero-internal are deeper 
than the other two folds. M* has two transverse laminae separated by inner and 
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folds, the inner being larger than the outer. In members of the subgenus 
Grerl Fig. 2, A) there is a marked tendency to retain cuspidate teeth. This 
narked in the first uppel molar with five CUSDps OI which only the posterior 
jointed in a transverse lamina 

! 


imel patt rn ot the mower ¢ hee kte th IS SIMitar ll the subgenera Cr hillus 


llus. In both cases the first molar has an ace shaped pattern w hile the 


represented Dy two separate laminae I Verior the second 

ists of two lozenge-shaped divisions connected by an isthmus. In G. 

the enamel pattern of the low heekteeth resembles that of members of 

t} ( s Gerbill nd differs from that of Werion \) ct shaped enamel 
! fo | \l } \I post ft separate lam ( 

rh | g lebted to Mr. Harry Hoogstraal 

ted specin ( hose dep n he greate! 


g 
d Dr. Robe IK. Ku | he pho pi Plate | 
s Stud ( 1 ce } f G lus 
he Si Pe . Keyp the se similarit f this mal 
the ere D I g@ and its harrs are inged 
Ke Manne! he soles are Kea, ¢ h with six pads. The ears are 





immediate ifter death in simulated natu surrounding. Photograph 
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A NEW SYNAPTOMYS, AN ADDITION TO THE BORCHERS 
INTERGLACIAL (YARMOUTH?) FAUNA 


By CLaupE W. HIsBparp 


In the summer of 1952, the University of Michigan Museum of Paleontology 
field party consisting of William G. Melton, Jr., Clyde O. Priddy, Clarence L. 
mith, Jr., Michael O. Woodburne, Faye Ganfield Hibbard, and Claude W. 
Hibbard, collected fossils from late Cenozoic deposits in southwestern Kansas 
and northwestern Oklahoma. 

While working the exposure at the site where the Borchers fauna was previ- 
usly recovered (Hibbard, 1941; 1942; 1943; 1949a; 1949b), a fragmentary left 
ramus with M;—M,; of a Synapton js was taken which differs from those of 
other known species. 

[ am most grateful to Mr. Roscoe Nash of Meade, Kansas, who gave us 
permission to work the Borchers quarry; also to Robert W. Wilson, Museum of 
Natural History, University of Kansas, for permission to study and figure the 
type of Synaptomys (S.) bunkeri Hibbard. The illustrations were made possible 
by a grant by the Board of Governors of the Horace H. Rackham School of 
Graduat Studies of the University of Michigan. 


Synaptomys (Synaptomys) landesi sp. nov 





Fig. 1 
S t Victon cf. vetus Wilson. Hibbard, 1941, Kansas Geol. Surv. Bul. 38, pt. 7 
13-214, pl. 2 
Synaq vetus Wilson. Hibbard, 1949, Bul. Geol. Soc. Amer., 60: 1424 
Holotyt No. 29961, University of Michigan Museum of Paleontology, fragmentary 
th M,—Ms;. Collected in the summer of 1952, by the University of Michigan 
Museu f Paleontology fie j 
Horizon and type locality.—Pleistocene, at the type section of the Crooked Creek forma- 
Borchers fauna, interglacial (Yarmouth?); NE 4 sec. 21, T. 33 S., R. 28 W., Borchers 
ire, Meade County, Kansas. 
Dia 4 Synaptomys with the first and second alternating triangles of M1, Me, and 


nfluent. The third alternating triangle of M;, is closed off from the second alternating 
1 from the anterior loop (Fig. lc). In Synaptomys (S.) vetus Wilson (1933) the 
lternating triangle of M; is not as well developed. The second triangle opens into 
ird triangle (see Hibbard, 1950, p. 156, for dental nomenclature of microtine teeth 
S. landesi is distinguished from the other species of S. (Synaptomys) in which the alternat- 
ing triangles are closed in the lower molars 
Description of holotype.—The holotype is a fragmentary left ramus with associated M;- 
M;. The anterior ventral part of the ramus with part of the incisor and the diastemal region 
The diastema is not as broad as in S jnaptomys bunkeri from a late Pleistocene 


rer County, Oklahoma. The mental foramen is closer to the anterior edge of 








M; than in recent specimens of the subgenus Synaptomys or in S. bunkeri 

The molar teeth are rootless and persistently growing. M; consists of a posterior loop, 
three alternating triangles and an anterior loop. The first and second alternating triangles 
ure confluent. The third triangle is tightly closed. The anterior loop is smooth on the labial 
side and lacks the shallow enamel valley (reentrant angle) that is characteristic of most 
resent 


ent specimens. Me consists of a posterior loop, two alternating triangles which are con- 
fluent and an anterior loop. The anterior loop is larger than in recent specimens. M; consists 
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Fic. 1.—Synaptomys (Synaptomys). (a) S. bunkeri Hibbard, holotype, Kans. Univ., No 
4610. (b) S. australis Simpson, Univ. Mich., No. 29749. (c) S. landesi sp. nov., holotype, 
Univ. Mich., No. 29961. Occlusal views. All X8. Drawing by Jane 8S. Mengel 


of a posterior loop, two alternating confluent triangles and an anterior loop. There is a slight 
constriction where the first and second alternating triangles join. Cement is present in the 
reentrant angles of the molars. The occlusal length of M,-M; is 8.0 mm. This specimen is as 
large or larger than the recent bog lemming (S. c. paludis Hibbard and Rinker) in Meade 
County. 

This species is named for Professor Kenneth K. Landes, who has kindly given helpful 
criticisms and suggestions in the study of the High Plains Cenozoic Geology and who has 
contributed to our knowledge of Kansas Geology 

Comparisons.—Synaptomys landesi is closely related to Synaptomys vetus Wilson fror 
deposits at Grand View, Idaho. S. vetus, or a form very closely related to it, can be consid 
ered as ancestral to S. landesi. S. vetus and landesi appear to be generalized forms of the 
subgenus Synaptomys. It is doubtful if S. landesi is ancestral to Synaptomys (S.) australi 
Simpson (1928), S. (S.) bunkeri (Fig. la) or S. (S.) cooperi Baird 

The fossil record when complete will probably show that the later specialized forn 
dental pattern) branched off at an earlier date from a form closely related to S. vetus and 
landesi. A complete ramus of S. landesi is needed for careful comparison with those of late: 
forms. A lower jaw, with a complete dentition, of a large Synaptomys referabie to austra 
(Univ. Mich., No. 29749, Fig. 1b) has been recovered with the interglacial (Sangamon? 
Jinglebob fauna in Meade County, Kansas, (Hibbard, 1952, p. 1262). To consider the species 
S. landesi as ancestral to later forms of S. (Synaptomys) means that the development of the 
present known pattern of Synaptomys australis has occurred during the time near the close 
of an interglacial age (Yarmouth?) and during the following glacial interval (Illinoian? 
The rapid development of a typical dental pattern in the subgenus Synaptomys would be it 
contrast to the earlier development of the typical dental pattern of the subgenus Mictomys 
Specimens of Synaptomys (Mictomys) borealis (Richardson) are known from Meade County 
Kansas, from deposits that are older than those containing Synaptomys landesi. The speci- 
mens of S. borealis taken in Meade County, are part of the glacial Cudahy fauna that lived 
in that area just preceeding the Borchers fauna 

Additions to the Borchers fauna.—A DP,, No. 30001, of a peccary (Platygonus) ; and part 
of a phalange, No. 30000, of a small camel (Tanupolama) were recovered with the ramus of 
Synaptomys landesi. A number of dentitions of some forms previously reported were also 
recovered. 


Age assignment of the Borchers fauna.—Only tentative correlation exists at the present 
time in North America between the glacial deposits and the nonglacia! deposits of Pleisto- 
cene age outside of the glacial region. If only four major glaciations and three major inter 
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g ts. Be 
lerable time elapsed after the deposition of the ash 
] containing the Borchers interglacial fauna 
St oO Pleistocene geology pale ecol gz ind biogeography should not confuse the 
tl molluscan fauna of Frye, Swineford, and Leonard (1948), and Leonard (1950) 
+} Borchers interglacial Yarmoutl fauna. F ¢ Sw rd and Leonard 1948, 
B) ¢ e dat f to establish the stratigraphi cement of the Pearlette 
sh and its associated yllu n fauna in the Missouri Valley region Accord 
rly, tl h cannot belong t ge er than the Yarmouthian interglacial interval.” 
1950. p. 5 tes R t hit tk lac Iowa, Nebraska and South 
) j »> the over r ‘ ic! re serve to establish the Yar 
ré the deposit t g the P | nic ash and its associated mollus 
Frye, Swineford, ar ( 1948 I nd Leonard (1952, p. 156) state, 
I ’ Or Pearlette v« I {al il nd the topogray nd strati 
y } ti yf the ash ar at S liscussed elsewhere in this report, 
e Kar I ve Che ng contradictive statement (195% 
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GENERAL NOTES 
COW-PASTURE NESTS OF CRYPTOTIS PARVA PARVA 


On August 26, 1950, I found a small short-tailed shrew by turning over a plank 


in a cow pasture of dry earth and scanty grass not 


1 artificial pond in Sene 


uv ¢ 


easy to capture by | 





Maryland. The shrew ran about somewhat aimlessly, m 


Her nest was in a damp depression in the earth and contained about a teacupful of sm 
pieces of grass and leaves. I gathered the nest along with thr 


helpless, and about one-half inch in le ngtl 4 fourth young-one lay dead a short dist 


ee young that were blind, nake« 


away. As | carried the mother shrew in my hand, she tried to bite but couldn’t 








skin. On reaching home I placed the shrews in an aqua 1 filled a few inches vit 
turf and sand, the nest being set in a depression filled with cotton. The mother w é 
with a turtle shell as a hideout. She had the young with her for twenty-four | ter 





which they disappeared and were not seen again. The shrew rarely emerged from the shell 


except to drag in mice, which I had provided, or to leave her droppings neatly in one corne 


of the aquarium. These droppings had a strong, unpleasant odor 


On October 14, 1950, I captured another small short-tailed shrew by turning over an old 
fence post, which lay in a damp, open field grazed closely by cattle. The shrew ran int 
grass where I had little trouble catching it by hand. It had apparently been roused from 


small nest of leaves and grass 2-3 inches across. I kept the shrew in an aquarium for three 
days when my pet skunk climbed in and killed but refused to eat it. The dead shrew was 
however, readily swallowed by a captive great horned ow].—LawreENnce KILHam, 8302 G 

fie d Stree B. Bethesda, Maryland. Received Varch 58 





TERRITORIAL BEHAVIOUR OF RED SQUIRREL 


From September 2 to 6, 1952, I had an opportunity to observe territorial behaviour in 4 


red squirrel (Tamiasciurus hudsonicus loquax) in Tamworth, N. H. These observations 
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lasted over eight hours and were aided by binoculars. The wooded area studied was a 


r 


ner field in which white pine (Pinus strobus) greatly predominated. Six red squirrels 
1 A, had a ter 


ived in this area, but only one, Squirre ; 
tree limbs. I was thus able to observe the entire territory from any one of a number of spots. 





free of undergrowth and lower 





Pine cones reached peak abundance in 1952, a year in which apples and butternuts had al- 





most completely failed. As Squirrel A occasionally ran around the periphery of its territory, 
from one pine trunk to another, the limits were fairly definite. All pine cones within the 





1 


ary, such as had been cut or had fallen naturally, were carried toward the center, 


marked by a pile of field stones adjacent to a dry brook-bed. This brook more or less divided 





rritory in half, the territory running about 140 feet north and south and sixty feet 
id north of ‘‘A”’ 


Squirrel A’s southern border being a bushy field which was unsuitable squirrel habitat. 





east and west. Four other squirrels had territories to the east, west, 





Squirrel A’s daily activities were usually of the same pattern. The squirrel would run around 
} sch 


h end of its territory, which contained most of the pines, and pick up any cones it 


id on the ground. Cones were seized at the base, the squirrel holding them pointed 
tl 





ahead like a cigar as it ran over the pine needles. In almost every instance cones 














” I 
were laid on open groun 1 or in the brook bed close to the rock pile, in clusters of five to 
A few cones were laid openly in and under the roots of a small upturned pine. At 
ther times Squirrel A dug holes in the forest floor at the base of a pine near the bushy 
€ nes might be pushed into yne of these holes. 
lr emed to gather cones that ready half- 
i 1ight be deposited, hidden, and finally re-buried 
cones were ‘ried into the stone pile, many 
er e southern half of the territory. Every 
8 t 4 lid other red squirrels in the same 
squirrel could not see. Some of the longest 
»ning. During my observations Squirrel A had no 
d yr Squirrel B whose territory, due 
1. Thiss juirrel Dul ed its cones around a dead 
b tl N vartly embedd the ¢ 3 st en, in running north in 
I more cones, it would encounter Squirrel C. A noisey pursuit of Squirrel B by Squi 
suld then ensue around tree trunks and over the ground. However, as Squirrel B 
neared the dead maple limb, the situation would verse, Squirrel B now chasing C back the 

y had come 

One interpretation of the above situati that territories enabled the red squirrels to 
ynes without interference and to store them in easily guarded sectors. Periodic song 
vertised occupancy of the territory, warning other squirrels to keep off. Further analogies 
vian territorial behaviour were suggested by encounters between Squirrels B and C 


Here it would appear that as one squirrel itory and invaded 





t of its neighbor, it progressively lost ven out. However, 
irsuit carried the squirrels toward the first one’s central storage area, it regained cour- 
age and turned on its pursuer.—LAWRENCE KILHAM, 8302 Garfield St., Bethesda, Maryland 
Receive March 14. 1968 
SOME PARASITES OF THE HOARY BAT LASIURUS 
CINEREUS (BEAUVOIS 
Lasiurus cinereus, although it has a wide distribution, is taken only infrequently by 


llectors. In June, 1952, a single female hoary bat was taken at Berwyn, Maryland. When 
captured, the female had three young, all males, clinging to her. The mother died after 


several days in captivity and was examined for parasites immediately after death. The 





Jung survived for three weeks but were inadvertently discarded before an examination 
yuld be made. The following helminths were recovered and identified; all being new host 


records 


asiura were found 


Longibucca lasiura McIntosh an 


in the stomach. This nematode was described from the red bat (Lasiurus borealis) and also 


1 Chitwood, 1934.—Twenty-three L 
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reported from the big brown bat (Eptesicus fuscus fuscus) by McIntosh and Chitwood 
Parasitology, 26: 138, 1934). Two new hosts, Corynorhinus rafinesqui rafinesqui and M yoti 
lucifugus lucifugus were added by Tromba and Smith (Proc. Helm. Soc. Wash., 19: 126, 
1952 
Physocephalus seralatus (Molin, 1860 Eight encysted larvae of P. seralatus were found 
on the mesenteries in the region of the stomach and duodenum. The occurrence of encysted 
third stage larvae of the spirurid stomach worm of swine has been reported from a number of 
aberrant hosts. A summary of these records, including previous reports from bats and a new 
, 1952 


Oochoristica taborensis Loewen, 1934.—Several incomplete specimens of O. taborensis 


host record, was given by Tromba (Jour. Parasit. 38: 497 


were found in the intestine. This is the second reported occurrence of »n anoplocephalid 
cestode from Chiroptera. The first was Loewen’s description of O. taborensis from a Lasi 


borealis taken at Sterling, Kansas.—Francits G. TromsBa, Animal Disease and Parasite 


Branch, Agric. Res. Cente Beltsville, Md. Received March 18, 1953 


WOLVERINE (GULO LUSCUS) SPECIMENS FROM WISCONSIN 
There are several authentic records of the occurrence of the wolverine (Gulo lusc I 


\ 


Wisconsin, but no specimen is on record from that state, nor from Michigan, the ‘‘Wolverins 


State In company with the late Arthur J. Poole as my assistant, on August 21, 1920, I 


found a scattered deposit of mammal bones mixed with surface soil on the floor of Bogi 





Cave (sometimes called Bogus Cave), Sec. 35,T 9 N,R1E, about 244 miles west of Gotham 


tichland County, Wisconsin. The deposit w: some 60 feet inside the south-fronting er 
trance to the cave where very little daylight penetrated. The bones apparently were re 


mains of animals that had died in the cave though they may have come from bodies of 


mals skinned by trappers. They were clearly neoteric remains of Recent mammals, were not 
n the least fossilized, and appeared to have been in deposit some time, probably 50 ve 


or more. On my return from the field to W 





ishington, D. C. in the autumn, 1920, I[ studi 
these fragments and found among them representatives of the raccoon, bobcat, and othe 
mammals, and a left femur and a distal joint end of another left femur that I could place 
only as those of the wolverine (Gulo l l The femur bones were then referred to the te 


Dr. James W. Gidley for identification, he not being informed of 


handed them back after a few days study with the comment ‘‘I can’t make anything out 





1y own determination. H 


them but wolverine.’’ Since then I have c ympared them on occasions and always with the 
resulting decision that they are wolverine. Miss Viola 8. Schantz, U. 8. Fish and Wildlife 


Service, and Dr. David H. Johnson, U. 8. National Museum, recently have examined th: 
specimens and identified them as Gulo luscus. The complete left femur undoubtedly is fron 
if 


end fragment of a femur is from a young animal 


7,302, U. 8. National Museun 


record for the wolverine in the state, and is about 25 


a rather small female wolverine. The dista 
Both specimens have been accessioned under number 28 
Bogie’s Cave is the most southerl) 

miles southeast of the region in Vernon County, Wisconsin, where Fred Mather shot a w 
verine in 1855 (Mather, Forest and Stream, vol. 47, p. 371, 1896 Hartwiey H. T. Jackso» 


] S. National Museum. Washinaton 25. D. C. Received December 9. 1953 


ON THE CONSERVATION OF THE LYNX IN SCANDINAVIA 


In going through recent Scandinavian literature on vertebrate populations, [ found wi 


was to me a notable attempt to promote rational policy for managing Europear 
remnants 
This was an article by Aage Wildhagen Gaupen, en av vare sjeldne dyrearter’’, Fauna 


Norsk Zoologisk Foreninas Tidsskrift, No. 3: 97-106. 1951) and, so far as I know, has n 
equivalent in English. Hence, it would here seem in order to pass on some of the contents to 
American readers 


Wildhagen’s article, partly a review of a Swedish study by Kai Curry-Lindahl published 


in Sveriges Natur, is both depressing and inspiring to a conse 


rvationist 
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e inimical agency in Europe as in North America, both as a 
as a direct exploiter or persecutor of the species. In the 
North America, high priced pelts may result in overhunting 
e jealous hunters who would complete the extermination of a 
nm hares or some ¢ 















ther game they want to shoot; and, in one 
place us well as in the other, livestock raisers tribute the disappearance of sheep and other 
jomestic animals to lynx even when similar disappearances occur in districts having no 
nx at all. The histories of decline and final extirpation of the lynx in different regions of 
Europe are on the whole so repetitious that the persistence of the species anywhere on that 
ntinent may arouse surprise 
Y Norv ind Sweden now have in common a lynx range apparently 
lred individuals that may be regarded as a fair > population, in addition to small 
imbers of wanderers and isolated groups. The Swedes, after paying bounties on thousands 
during the previous centurr repealed the bounty 1912, gave the lynx they had 
il protection in 1928 then permitted limit 1 harvesting 1 game animal after 1943 
U of Wil i} wwen’s main rbjex t ¢ t tegrate Norwe gi in with Swedish efforts in 
f of | management. He recognize he problem of maint 1ining the lynx at a bio 
g | safe population Ik ve i ll as the likelihood that iny very substantial increase of 
vould be accompanied by increas, 1 damage complaints. Hi suggests the compensation 
iblic funds fo te loss throug} lepredations when occurring, and the re 
garding of the usual] damage fror nx realistically, especially in comparison wit} 
ich greater dar age commonly to he expected from. for examples moose and deer 
st encouraging thing is that. evs egion where strict repression of predat 
es | be is traditiona northe Europ here are people who strive intel 
g oO safegu reduced predatory fauna pr rily for the distinctive valu. t may 
: ai tu P L. Err y Sinte ( " 4 me Receive Varch 
DETERMINATION O} CH ABUNDANCE O] COUGAR 
As f us we know, no practic I I ete tion of coug Fe neol« 
ns | een recognized 
The put hed estimatior I ug € derived mainly from sight records, 
ecords, and ds | reporte our N P nd Forests. It is obvious that 
thod of population study f this le g cle S subject to a great many 
but the may be some merit in the figure ed belo 
Mere estimation of the numbs ugars given area has been proven extremely 
he best example being the case of the ha lling e Washington 
192 Fink Jour. Mamm.., 6: 197 1925). I t four or five 
igar he area. However, with the concentrated coug he killing. 
) ugar were kille n an are m f ugh t inge of 
I nethod described here depends Ip ne f verage ill of ougars integrated 
h } vn factors of natur histor the specis lhe follow ng pertinent data are gen- 
era cepted and are well summarized | Young 1 Goldman (THE puma MYSTERIOUS 
AMERICAN CAT, 1946 
Sex rati About equal 
«. Age before breeding two or three ye 
Size of litter Average is two 
+. Time between broods Two or three years 
5. Longevity Average. 744 years in captivity. Up to 18 vears maximum. Here +e do not 
have as accurate data as for the above. We have arbitrarily sele: ted ten ye 


average longevity for wild cougar 
Taking into consideration the 


aver: 


age size of the litters, a female 


irs asa reasonable 


8 
age before breeding, the time be 


tween broods, and the 
cougar may at | 


est produce one offspring per year. With 
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an equal sex ratio, it takes two cougars to produce one each year. Knowing the average 
numbers killed annually, we will have each year before the winter hunting season a mini 
mum number of cougars in the area that is three times the number killed (7.e., the two neces- 
sary to produce one each year, plus the one killed). In addition, assuming longevity of ten 
years, the natural attrition of 10 per cent of the entire population must be added. 

This of course ignores theoretical factors of death by starvation, accidents, and other 
considerations. Most of these would tend to increase our population calculation, therefore 
this is offered as a minimal population estimation. Once this figure is reached, local condi 
tions can be applied to modify it. Also known local differences in the n itural history data 
such as larger broods in certain areas, will modify the formula 


The formula for this calculation may be expressed is follows 
K = the number of cougars killed each year 
N = the total population as an absciute minimal figur 


3K 














I aK + 
10 

If we apply these population estimations to the Olympic Peninsula, Washington Stat 
we get the following results: In the four counties Clallam, Jefferson, Mason, and 
Harbor, we find an average of 63 cougar taken annually in the six year period 1946-1951 
Washington State Game Department During the last three vear period the averag 
67 per year 

3K 
By the formula N 3K 4 we get a minimum population figure of 208. This figure 
10 

is probably low, for the large park area contains some of the best cougar country on the 
Peninsula and south of the park are large areas of good cougar habitats that are i 
ble after snow falls 

This figure. broken down, is as follow of the tot population of 208. 63 are kill } 
year, 19 die of natural causes, and 126 remain as the minimal breeding population ne I 
to maintain this attrition 

Grinnell, Dixon and Linsdale (FUR BEARING MAMMALS OF CALIFORNIA, 1937) have used 
similar method of population determination in California with a final result that is not quit 
the same. It is interesting to note that the method presented in this paper was deduce 
before the California work was read 

It is suggested that a fairly accurate minimal population of cougars in a giver 
| secured by interpolation of local conditions and the uss f this method or some f 
cation of it. Accurate records of cougars killed and a sustained yearly kill are essent 
Murray L. Jonnson AND Leo K. Coucn. Puget Sound Museum of Natural Hist rai 

Puaet Sound. Tacoma 6 Washinator Received March 9. 1953 

OCCURRENCE OF THE COYOTE IN KENTUCKY 

There appear to be no recent records of the occurrence of the covote (Can latrar 
Kentuc} Hamilton (1943) reports records from all the southeastern states except Ker 
tucky. His map (p. 108) indicates that the coyote occurs but rarely in the southeasterr 
states, and the lack of records from Kentucky suggests that animals from the small popu 
lations in northern and western Indiana, Illinois and Ohio do not cross the Ohio River 
southward into the state 

During the past few year farmers in the Bluegras tegion of Kentucky have reported 
losses of sheep to coyote ind feral dogs. No animal had been examined, however, that uld 
definitely be considered a coyote, although at least one animal obtained in recent years w 
thought to be a dog-coyote cross (Anonymous, 1950). On January 4, 1953, an alleged shee] 


William Tucker on the 


George Proctor farm near the Fayette-Clark County, Kentucky, line. The carcass was 


killing canid was hunted down by a posse of farmers and shot 


salvaged by Messrs. Hope Carleton and Joel Ragland of the Kentucky Department of Fis! 


and Wildlife Resources for identification by technicians of the Game Division. Apparently 
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had not fed for several hours pre us to its tl nce the stomach contained 
mal, a female, has been definit: é fied a ) e. Identification was based 
cteristics since the anin everely ted th mange and had lost 
the hair from the body and tail, thus king ttempt at iden ation from 
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file, long r muzz i ) f mn the hind foot, were not re 
g dequ + > ile si¢ +} } ‘ ecimer va ] P ite 
é ements made I 5 The lylobasal length, squa- 
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f rostru 97.5: int =e } 14} ID oth fn », 137.0; height of 
€ 9 .U I lar tooth 1 rtr S4 irnassial, crow 
1, Vn 1 r . it} 5 st uppe ter1o 
ats 12.5: f ippe te 7 F we Se 
wth. 19.5 1+} the fi 55.5. The , he upper 
é d l I t c re ted | 
Cold ' { } e red , nall 
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ku The I ist ttributed b 
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7 he 5 as. tl ill is that of e: if 5.5 or 
) T} t , 15 f | I 
Af f listing } y : rtift L the 
M p t ‘ , } 18 per cent of the 
9 kull. Ir g ill I ith he t pe s (outside ~ 
‘ ~e 4h of +} 5 as ent of the greatest 
In tk 1, tl t I strur 14.2 per cent and the 
I ippe va re Ss ¢ f rreates rt} f the kul 
f tl surement ng the skull in questior 
‘ a dow ; (ik tl oaks PK See ae 
] g 1 
te. The h to acl ige tl fJ.M. Edne 
l [ I f Ker f r the | f 
Q en for 1 a we a] 
K St e { y Tt} Ke é l rese n tl possession 
é f Fisk 1 Wildlife R Frat ) Kentuc 
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NORTHERN FUR SEAL ASHORE IN SAN DIEGO, CALIFORNIA 


On March 19, 1953, officials of the San Diego city pound delivered to the Zoological Ga: 
den of San Diego a mature cow northern fur seal (Callorhinus ursinus) that they had picked 
up on the preceding evening in Pacific Beach, a suburb of San Diego. After coming ashore 
the seal had been captured by a life guard to protect it from dogs that were chasing it up and 
down the beach. Upon arrival at the zoo, the seal appeared listless as though suffering from 
exhaustion. By the following morning it was dead, and autopsy findings revealed internal 
parasitism and hemorrhagic enteritis ——Ken Storr, Jr., Zoological Society of San Dieg 
San Diego, California. Received March 28, 1953 


SOUTHERN RECORDS FOR ARCTIC MAMMALS AND A NORTHER) 
RECORD FOR ALFARO’S RICE RAT 


Some time ago John T. Nichols brought to my attention a newspaper clipping from the 
Norfolk Virginian-Pilot, reporting a large seal taken by fishermen off the Virginia coast 
This report, along with other information gathered from previous newspaper clippings and 
correspondence with state officials in North Carolina, established two southern records for 
Arctic seals. 

According to the accounts, a large seal weighing between 400 and 500 lbs. was caught in ¢ 
fisherman’s net near Cape Henry, Virginia, and was landed on March 12, 1945, at Littl 
Creek. This seal was tied to a pier but it severed the rope and escaped back to sea, but not 
before Jim Taylor, a reporter, had photographed the animal. The pictures showed the clear 
cut markings which definitely identified it as an adult harp seal, Phoca groenlandica. The 
following day a 35 lb. baby seal came ashore at Little Creek. It was supposed that it was the 





young of the big harp seal that got away, but it died and its identity never was discovered 
On September 14, 1944, two Coast Guardsmen while patrolling the North Carolina beach 
on Bouge Banks near Salter Path captured a 100 lb. seal. The animal was delivered to the 


U.S. Fisheries Laboratory at Beaufort, where it died and was then turned over to the North 
Carolina State Museum. I borrowed the skull and identified it as that of a young hooded 
seal, Cystophora cristata. A postmortem examination of the animal disclosed that death was 
due to a large clam shell lodged in its throat. The State Museum planned to mount the skin 
and requested the return of the skull for this purpose. One newspaper report quoted Dr 
Davis of the State Museum as saying that this was the third hooded seal captured south of 
Cape Cod 

In 1933, I reported a gray seal, Halichoerus grypus, taken at Young’s Million Dollar Pier 
Atlantic City, New Jersey 


In collections of small mammals recently made by Marian Martin in Mexico are fifteen 
specimens of Alfaro’s rice rat, Oryzomys alfaroi dilutior, taken at Rancho del Cielo in south 
western Tamaulipas. This locality extends the known range of the O. alfaroi group north- 
ard a distance of about 250 miles.—Grorce G. Goopwin, American Museum of Natural 
History, New York. Received March 14, 1958. 
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OCCURRENCE OF MICROTUS XANTHOGNATHUS IN ALASKA 


Vicrotus zanthognathus (Leach), the yellow-cheeked vole, has been recorded in Alaska 


from the Arctic Coast near the Canadian boundry south and west into Central Alaska 
Eastward its range extends through the northern parts of Canada to Hudson Bay. In spite 


yf its wide distribution, relatively few specimens have been collected and little is known of 
its life history. During field investigations in the summer of 1952 twelve specimens were 
1. : ' 


collected in the vicinity of Castle Rocks near the northwest corner of McKinley Park. An 


itional specimen has been obtained from a trapper living a few miles west of the Park 


Except for the red-backed vole (Clethrionomys rutilus dawsoni), the yellow-cheeked vole 
1 Tl 1 


was the most abundant small rodent in the area. The only other microtines collected were 


the brown lemming (Lemmus trimucronat ind two species of Microtus 


still to be identi 











fied. In addition to the twelve specimens collected bv tr upping, parts of several others were 
ined from the scats of marten (Martes americana actuosa) and from the crop of a great 
grey owl (Scotiaptex nebulosa). Trappers in the vicinity have remarked on its abundance and 
ler it the primary food of marten 
The yellow-cheeked vole is named for its distinct ellow or chestnut cheek patches 
Sir patches are also found near the ears. The upper parts of the body are a grizzled 
wn or dark sepia and underparts are greyish. The tail is faintly bicolored. It is one of the 
st species of the genus Microt Ave veight of five adult females was 135 gms. and 
gre t weigl vas 158 gn Ar ault 1 veighed 144 gms. O l idult specimens 
1 measureme! tot angt} , QF 26 . tail length from 45 
53 mm. and the hind foot from 24 to 2¢ 
sideration of the range of the I ) icates that it is found in both 
ered I eal forest ) pruce wit! rew scattered rch 
P é i tl t of sphagnu her h scattered clumps of sedge, 
4 1 horset Comm if 1a¢ ede ywwbush ec nberr crow 
ldwa ircl 
Ru i ind diggings were und tl gi I é ea though thev were most 
ov is and wet areas. R , ient ssed small puddles. On one oc 
le was ops ed swimming from the shore on Castle Lake. Many 
ge dirt mound n feet ind eter and one to two feet high 
i vere pock rked with a maze l I 1 holes. At one of these mounds 
\ t eemed to be largely crepuscular but some activity was continued throughout 
he twenty-four hour period. Voles were commor seen and heard during daylight hours 
I traps set for them produced best results in the evening or during the night 
Food was thought to consist primari t vegetation. Horsetail andlichens were 
ind in the few stomachs that were exa ned 
Three of the five females that were thought to be adult were pregnant and had prospec 
ters of seven, eight, and ten respectivel 
Dixon (BIRDS AND MAMMALS OF MT. MCKINLEY NATIONAL PARK, 1938) reports collections of 
VM. Xanthognathus on the Toklat River in McKinley by Sheldon in 1907. There have been no 
ords from the park since that time. The Castle Rock colony, however does extend into 


Osgood (N. Amer. Fauna 19: 1-100, 1900; and zt 0: 1-96. 1909) collected specimens at 


harlie Creek, Circle, Eagle, and near Fort Yukon and Stevens Village 
Rand (Nat. Mus. Canada, Bul. 100: 1-193, 1945) reports that the National Museum of 


1 has only two specimens in its -ollection. He also observes that colonies of M. 


Xanthognathus are scattered and are subject to violent fluctuations in population. What 





large colonies, when revisited, have often failed to yield a single specimen 


YALVIN J. LENSINK, Cooperative Wildlife Research Unit, (University of Alaska, United States 
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« 


Fish and Wildlife Service, Alaska Game Commission, and the Wildlife Management Institute, 
cooperating) University of Alaska, College, Alaska. Received March 80, 1968. 


PHENACOMYS IN MINNESOTA 


Examination of two specimens in the U. 8. National Museum (Biological Surveys Col- 
lection) that were reported by Swanson, et al., in THE MAMMALS OF MINNESOTA (Minnesota 
Dept. Conserv., Tech. Bul. No. 2: 90-91, 1945) as the yellow-nosed vole, Microtus chrotor- 
rhinus, shows one to be the phenacomys vole, Phenacomys intermedius. 

This specimen, USNM 274491, was collected by Shaler Aldous in 1940 at Ely, Minnesota 
The dorsum is bright yellowish-brown, very much like examples of mackenzii from Ft. 
Smith, Mackenzie, and quite unlike the dull colored levis of the Rocky Mountains. This 
comparison eliminates soperi, as described by Anderson (Canadian Field-Nat., 56: 58-59, 
1942), and I conclude that the specimen must be referred to ungava. The skull (badly broken 
agrees with Anderson’s description of soperi in the slight depression of the rostrum, but 
other features, including large size, wide interorbital region, and short, broad rostrum are 
characters of ungava. 

Anticipating formal approval of the changes in the International Rules of Zoological 
Nomenclature that were proposed to the 13th International Congress of Zoology at Paris 
in 1948, Hall and Kelson (Univ. Kansas Publ., Mus. Nat. Hist., 5: 395-396, 1953) evoked the 
‘‘page priority’’ rule and revived the name celatus to replace ungava. However, the ‘‘first 
reviser’’ rule remains in effect, and ungava must be used 

The other specimen, USNM 236431, collected by Vernon Bailey at Burntside Lake, 
Minnesota, in 1921, is correctly identified as Microtus chrotorrhinus. It agrees with New 
Hampshire and Quebec examples of chrotorrhinus 

The two specimens discussed above apparently remain the only specimens of Microtus 
chrotorrhinus chrotorrhinus and Phenacomys intermedius ungava reported from Minnesota 
CuaR_es O. Hanp.ey, Jr., U. S. National Museum, Washington, D. C. Received March 26 


1953 


BREEDING OF PEROMYSCUS FLORIDANUS IN CAPTIVITY 
Because of the paucity of information about the life history of the gopher-mouse, Per« 
myscus floridanus, the following notes on its breeding in captivity seem worth recording 
One male and one female of Peromyscus floridanus were received by the Laboratory of 


at 


Vertebrate Biology in the year 1933. These had been captured by H. B. Sherman at Gaines 
ville, Florida. Over the period from 1933 to 1935 this pair of animals produced a litter in each 
of the months of December, January, March, April, June, August, September, October, 
February, and March. Of the offspring that survived to marking age there were two litters 
of one young, five litters of two, and three litters of three. This makes a total of 21 young in 
ten litters, or an average of 2.1 young per litter. No information is available that any mor 
tality occurred before the time of marking, but it is possible that some loss may have taken 
place. Some of the offspring were mated among themselves and also proved to be fertile 
The animals were gentle though rather nervous.—LeEr R. Dice, Institute of Human Biology 
University of Michigan, Ann Arbor, Michigan. Received March 10, 1958. 


OBSERVATIONS ON THE BIG PINE KEY COTTON RAT 
Other than the original description (Allen, Jour. Mamm., 1: 235-6, 1920), no mention of 
Sigmodon hispidus exputus, the Big Pine Key cotton rat, has been made in mammalogical 
literature. This isolated race inhabits an outpost of the most uninteresting country in the 
United States, as far as mammals are concerned, and shares its domain only with Odocoileus 


v. clavium, Procyon l. incautus, Rattus r. alexandrinus, and Mus musculus. The race was de- 
scribed on the basis of two specimens, taken in 1920 by Winthrop 8. Brooks on Big Pine 
Key; so far as known, little additional material assignable to this pale Lower Key form has 
been taken since that date. The recent collection of additional material makes it possible 











*> 
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to evaluate the racial characteristics that have been assigned to erputus, and to record sev- 
eral observations on the habitat of this remote form. 

On March 17, 1951, the writer, accompanied by George P. O’Malley of Miami, Florida, 
visited Big Pine Key in order to secure topotypes of S. h. exrputus for comparison with main- 
land and Upper Key cotton rats. The day was spent in walking to Watson Hammock through 
the pineland at the northern end of the island; near the hammock itself, three Sigmodon 
were seen in the mid-afternoon in the low growth of sea ox-eye (Borrichia frutescens). One 
individual was subsequently taken at this spot by trapping. Traps were also placed near a 
deserted dwelling on the Overseas Highway, and a single individual was taken there in the 
pineland. Additional trapping yielded no specimens, even in habitat which on the mainland 


lr 


would almost certainly have yielded Sigmodon 


On December 28, 1951, a return trip to Big Pine Key was made, and three multiple-catch 
Surprise Traps were placed in lecalities that had yielded rats in March. No rats were col- 


lected, nor was any sign of these rodents observed. Previously, O’Malley, while collecting 
mollusks on Howe Key, which is just north of Big Pine Key and separated from it by a chan- 


nel about one-half mile in width, reported to the writer that he had seen at least two cotton 


rats, one of which was quite unafraid, in the hammock on that key. There was also exten 





sive evidence of other rats; he noted feces, runs, and tracks along the edge of potholes con 
taining fresh water. Since exputus has been known heretofor only from Big Pine Key, the 
sight records from Howe Key are of interest in demonstrating that cotton rats, apparently 
ussignable to exrputus, occur on another key 


mpanied by L. Neil Bell, the writer visited the Lower Keys on May 9, 1952; the ob 


ject of this trip was herpetological collecting, and no traps had been taken. While walking 





paved road on the east side of Sugarloaf Key, about nine and one-half miles west of 


Big Pine Key, shortly after noon, the writer heard rustlings and movements in the dead 








yverlying the oolitic foundation of the key. These were first attributed to Rattus, 
which occurs on some of the Lower Keys, but collecting with .22 dust shot proved that cotton 
rats were responsible. During the remainder of the afternoon, an effort was made to secure 
eries of these rat 1 ten were taken, all by shooting. This small sample gives hardly 
1icatio f the abundance of thes« it tt! time. The were seen crossing the paved 
1 were especially numerous in the bushes along the sides of the road. The plant 
gr : not dense, and might be termed key hammock; plants associated with cotton 
here included Amyris elemifera, Pithecolobiur lelupense, Reynosia septentrionalis, 
} é buxifolia. Morinda roioc. and B 1 ar tifolia. A more open area of Borrichia 
e led seve t At least ‘ were seen than were shot; it is of 
» note that the original pair taken by Brooks in 1920 was shot during the day in 
l 

On ¢ turn journey to Miami, the toll-gate keeper on Big Pine Key was questioned as 
t indance of these rats on that key; he indicated that they were indeed very abun- 
nd pointed out an individual in the grass just a few feet from the writer’s car. An 
{ mpt us made to secure idditional specimens here, but only one was taken, although at 
least ree others were seen Although Sig »don is somewhat diurnal on the I lorida m 1in- 
1, the key animals seemed completely undisturbed by human presence and were far more 
t luring the daylight hours than mainland animals have been observed to be. It is 
parent that in the early summer of 1951, there was a population-high of S. h. exputus 

yn the Lower Keys 
Between February 1-8, 1953, collecting on the Florida Keys was again carried on with 
L. Neil Bell. The locality where the rats had been abundant on Sugarloaf Key was again 
visited. Because of clearing the right-of-way and resurfacing the road, the margins of the 


hammock there had been disturbed and no sign of cotton rat activities was noted there or 
in the clearer area covered with Borrichia. On Big Pine Key, trapping was carried on at the 


toll-gate and eleven specimens were taken; 


hese cotton rats were collected on the elevated 
road bed, and at the margin of the mangroves at the foot of the road-bed. Aside from the 


mangrove growth here, the road-bed supports growth of Borrichia, Salicornia ambigua, 
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and Batis maritima, all plants that are halophytic. Three cotton rats were also taken at the 
edges of brush piles that were heaped on the mud-flats to the north of the road 

Records for an additional key -Little Torch Key , which lies between Big Pine Key and 
Sugarloaf Key—were also secured; an individual was taken on February 7, 1953, in a dense 
growth of sea-grape (Coccolobis uvifera) and mangroves near the northeast shoreline, and a 
Although 


no trapping was done on any keys which are not traversed by the Overseas Highway, a 


second individual was seen crushed on the Overseas Highway on February 3, 1953 


record was secured for Little Pine Key, which lies about three and one-half miles north 


east of Big Pine Key. On this key, Jack Watson, federal game warden of the k 


>y deer re fuge 








on the Lower Keys, states that he saw a cotton rat in a deserted house that Watson was 


occupying at the time 


From the above observations, it is obvious that S odon h. exputus occurs not only or 


Big Pine Key, but in general on many of the Lower Keys, and specifically on Sugarloaf 





Howe, Little Pine, Big Pine and Little Torch keys. This race is undoubtedly more wid 
spread than even these records indicate, but due to the inaccessabil of many of these 
Lower Keys, both specimens and records are lacking 

Three observations were made of predation upon these cotton rats. Other than raccoons 
the Lower Keys support no native carnivores. House« domestic and feral, do occur 





At dusk on May 9, 1952 


barn owl was seen carrying a cotton rat in its talons. Later in the summer, on July 25, 195% 


These are known, according to local residents, to kill S 


a large diamond-back rattler (Crotalus adamante was found on Sugarloaf Key, crushed 


f 


upon the Overseas Highway; its digestive tract contained the remains of an adult S 


The characters pointed out by Allen (op. cit.) as distinguishing erputus from spad 











are well borne out by the series at hand. The ratio of tail length to total length in the typ: 
and the other specimen, then available, of erputus is 45 per cent, according to Allen. This 
ratio for specimens of Spadicipyqgus averages 37 per cent with extremes of 35 per cent an 
41 per cent, according to this same author. In a series of twenty-two individuals (twelve 
from Big Pine Key, ten from Sugarloaf Key), the tail/total length ratio averages 44.4 pe 
vent, with an observed range of 41.8 per cent to 48.8 per cent. The relative length of the t 
is distinctive in separating erputus from both spadicipygus and littoralis; both thes 
tively shorter tails, 7.e., averaging 39.9 per cent in the former and 39.4 per cent 
The coloration of the pelage of S. h. exputus is much as Allen indicates. The series 
in May on Sugarloaf Key is a bit lighter than the Febru Big Pine Key series, tl um} 
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rnames 


winter series from 


h. spadi 





cipy ; as known from Flamingo, Cape 5 ible, Middle C pe and 3.4 miles W Flamingo ill 
Monroe Co.), Florida, erputus is seen to be definitely lighter in coloration, as Allen states 
Comparison of exputus and littoralis, as known by topotypes from Oak Lodge, and speci 
nens from 7.2 miles S Indialantic (all Brevard C i hat these two sub 
s ies resemble each other clk y in coloration of t the insular race is 
mewhat browner dorsally 
External and cranial measurements of S. h. exputus, S. } padicipyg ind S. } t 
ire shown in Table 1. Of the three rac litte averages largest in all external and 
neasurements taken. Skull differences between exput ind spadicipyg re of an 
erage nature; in the series available, exput erages larger th: padicip in all 
T ments except interorbital breadth and palatal bridge 
There i » doubt that the cotton rats from the Lower Florida Keys are a recognizable 
ha erized relative lengtl fF the tail cht loratio! nd average cranial 
T es, and are thus distinguished from S. / padicipygus, the race occupying the 
rn tip of the Florida Peninsu S.h. exputus is not restricted to Big Pine Key alone, 
irs on other of the Lower Keys as indicated ve ALBERT ScHwARrtz, The Charles 
Vf hy eston 16. S.C. Received M h?7 153 
THE REPRODUCTIVE CYCLE OF RICE RATS (ORYZOMYS PALUSTRIS 
PALUSTRIS) IN CAPTIVITY 
R rt Svil Jour. Mar 12: 238-242, 193 nd Worth (Jour. Mamn 31: 421 
19 50) have discussed the maintenancs r s in capt tv and recorded numerous 
yn breeding. In the nt i ldit f ition is given, especial 
gard to the estrous cycl 
Meth During April and Ma f 1950, eight fe le rice rats were cap 
t e traps in a small marsh ne Powell Stati Knox County, Tennessee. Two 
es and the four females were used as breeding st iboratory colony. They 
1ined separat cages in whicl tton waste was provided for each animal 
material. A mixture of wheat, oats an was supplied at all times and this diet 
plemented three times each week v read soaked k rious vegetables 
ettuce, a und cabbage 
\ ytive rice rats were seclusi ind eas listurbed herefore the were handled or ir 
when necessary. To mate the rice ts female w laced in the cage of a 
1 allowed to remain until obviously pregnant. The female was then removed to a 
age. Young born in captivity were taken from the mother at 21 days of age and 
oe clipping. Young females were placed in individual cages and the males were 
it common holding cage 
Se rgin, captive-born females over four months of age and two parous females were 
ised study the estrous cycle. V: smears were made for a varying number of succes- 
ghts at approximately 10 pm ithpick covers i with cotton and moistened in saline 
A ised for this purpose. Handling was accomplished by opening the cage door and allow 
snimal to run into a net hel 1e door. The animal was next quickly transferred 
etherizing jar and allowed to remain until visibly unsteady but still able to move 
g Che smear was then taken and the animal returned to its cage. This method seemed 
ust minimum of disturbance to the animals. Prolonged nightly etherization ap 
tly had no effect either upon the length of the estrous cycle or upon the body weight 
Af smears had been obtained through one or more complete cycles the females were 
8 ficed to obtain their reproductive tracts. In three of the nine females one ovary and 
it e horn was removed surgically and the animal was not sacrificed until 24 to 72 hours 
late A series of captive born males was also sacrificed at known ages. All reproductive 


J fixatives. Ovaries and oviducts w 


in Bouin’s or A.F.A 


vere preservec 


ere serially 
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sectioned at 10 micra. Epididymides were removed from the testes and each pair of fixed 
testes was weighed. Sample sections of one testis and epididy mis of each male were made 
Vaginal smears and sections were stained in a modified Schorr stain. 


ghout 


Observation VAGINAL CYCLE. The cell types found in vaginal smears made throu 





the estrous cycle of the rice rat are similar to those of the Norway rat (Long and Evans, 


Memoirs Univ. California, 6: 1-148, 1922). During the latter part of the vaginal estrus the 
smears are composed entirely of large flat cornified epithelial cells. Smears taken the night 
following this stage are usually composed of large numbers of leucocytes and oval nucleated 
epithelial cells. Scattered clumps of cornified cells may also be found. As diestrum progres 
] 


ses the leucocytes begin to show degenerative changes and their cytoplasm does not 


Proestrum is marked by a decrease in number, or the disappearance, of leucocytes from the 














sm¢ and an increase in the nucleated epithelial cells 

Since smears were taken at approximately 24 hour intervals exact times for the duration 
of each stage in the cycle could not be determined. The number of successive days on whicl 
1 particular stage was found is a crude index of the length of that stage. Thus if estrous 
smears were obtained on two successive nights if would only indicate that the durat 
estrus was between 24 and 72 hours. Vaginal estrus is considered to extend from the tim 
when the smear is composed of more than 75 per cent cornified cells until leucocyte 
again found. Metestrum and diestrum were not separated since the interval between sme 
was so long in this study it was not possible con intly to distinguish between these stage 

The average length of the 21 cycles recorded in five virgin and two parous females was 
7.62 + 0.19 days with a range of from six to nine days. In these 21 cycles, estrous smears wer¢ 
obtained on two successive nights only in two instances, while in the remainder of t] 
estrous smears were found only on one night 

OVARIAN CYCLI 1e ovary of the rice rat is similar anat the ( 
tids. A bursa encloses the ovary. Interstitial tissue is abur gland urs 
around the ripening Graafian follicle. Many corpora lut » throughout the cycle 
The maximum number noted was 17 in one ovary. These an undetermined num 
ber of previous ovulations and are in all stages of developn ent from recently formed to de 
generating corpora lutea 

Two large pre-ovulatory Graafian follicles 0.8 mm. in diameter are seen in a right ovary 


that was removed from an animal during vaginal proestrum. The thecae internae of these 


follicles show a very characteristic pre ovulatory infolding. The left ovary of this : mal 


was removed 24 hours later when an estrous vaginal smear was obtained. Three young « 


pora lutea with antra are present in this ovary and t 


hree ova are in the mid-part of the 


oviduct. In another animal in which both ovaries were removed during vaginal proestru! 


a total of five large pre-ovulatory follicles 0.75 to 0.85 mm. in diameter are present in the 


two ovaries 


The single young corpus luteum in a right ovary taken at 24 hours postestrum contains 
a small antrum but no ovum can be found in the tube. Antra are no longer present in the 
three corpora of the left ovary that was removed from the same animal at 72 hours postes 


trum. The single corpus of the right ovary of another specimen removed at 48 hours pos 


estrum is without an antrum. The maximum size of the corpora of the non-pregnant cycle 
appears to be reached at 72 to 96 hours postestrum at which time they measured 1.05 t 
1.10 mm. in two specimens. The largest corpora of two specimens sacrificed at 144 hours 


postestrum measure 0.50 to 0.60 mm. The number of specimens available in late diestrum 


was not sufficient to permit the accurate separation of the corpora of the last ovulation from 


those of immediately previous cycles at this stag: 
NON-CYCLING ANIMALS. Two of the nine animals studied did not show a typical cycle 


Smears were taken from one specimen for 17 days, during which time a continuous diestrous 


smear was obtained. Mic roscopic examination of the ovaries showed that they were i 





ture In appearance and no corpora lutea or albicantia were present Apparently this animal 


was not cycling although it was five months of age. Smears from a second specimen through 


35 days showed atypical smears in which variable numbers of cornified cells were constantly 
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¢ with leu ‘ nd nu { the ls. Irritation of the vaginal epi- 
sotton awahe iblv 1 lu 1 4h: mattian | mination of the ovaries 
1 ingle degener corpus luteur I f varv. Both ovaries contained 
) +. 1 v1 ight fema I rl vere 
I these animals were sacrificed aft tte 1. One v 
} ing on June lulv 27. October 6. D 8. and January 24 
g on November 7 and January 1. The erage number of young in the 10 litters was 
5 + 0.2, with a range of four to six 
\ f PUBERTY. Smears were taken fron single I e daily for 50 consecutive days 
ng when she was of s of age. Tl 8 gi strus occurred at 57 days of age 
l vO ( es were each 10 days in lengtl 
A series of males was killed at kn¢ uges. Dat n their body measurements and 
ictive ndition are summarized in Table 1 
D ) The length of the vaginal le in the rice rat averages 7.62 + 0.19 days, 
ympares closely with the « ycle of Sid 107 In that species Mever & Meyer (Jour. 
M 25: 107-129, 1944) found that the average length of the cycle was nine days (range 
1-20) when the animals were kept in a relatively disturbed environment and seven days 
ge 4-12) when kept in a more secluded place. They found that the difference was largely 
ength of estrus. which in the former case was 3.4 days and in the latter, 1.7 days. 
relatively slight variations found in the length of both the cycle and estrus in the rice 
rat indicate that the observations were prot ibly not markedly effected by environmental 
listurbances. Further indication of this is that both the average litter size of five, and the 


t with the find- 


zs of Worth (op. cit.) and Svihla (op. cit.). These authors report an average litter size of 





urrence of breeding during November, December and January con 


bout three and no winter breeding occurring in their colonies 
Summary. The length of 21 vaginal estrous cycles in a total of seven rice rats was 7.62 + 


raginal smear and the 


the 


omy throughout the cycles are similar to those of the 





) days with a range of six to nine days. Cell types found i 






ay rat. Ovulation 


I 1 estrus. Data from both vaginal cycles 


appears to occur late in vaginal proestrum or early 
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and litters born in captivity show no interruption of reproductive activity during the win 
ter. Limited data indicate puberty is reached at about 50 to 60 days of age in both sexes 
Curnton H. Conaway. Dent. of Anatom y lin of tt consin, Madison. Rece ived March 9 


1953 


A TECHNIQUE FOR PREVENTING POST-MORTEM 
ECTOPARASITE CONTAMINATION 


An investigation of a few recent notes containing lists of mammalian ectoparasites has 


revealed several host records the validity of which is open to question. Records of questior 





able validity are not, of course, confined to the more recent papers but are to be found 
throughout the literature. Several recent records, for example, are: 1 9, Enderleinel 
suturalis (Osborne)—a ground squirrel louse—from Ochotona princeps; 1 ? , Neohaemat 
pinus laeviusculus (Grube)—also a ground squirrel louse—from Perom 


and Ho 


brevicauda. Such records are either evidence of 


cus maniculatus 





ploplura acanthopus (Burm a louse of some microtine rodents—from Blarina 


chance transfer under natural conditions 


to an abnormal host (straggling as defined by Hopkins, Proc. Zool. Soc. London, 119: 425 
1949), or of post-mortem contamination. Since the notes in which these records appear cor 


tain no indication of the technique used in collecting nor of any precautions taken to pri 


vent such contamination, there is no basis for a decision either way. Contamination is the 
most likely explanation owing to the customary procedures employed in the collectior 
preparations of mammalian skins unless the specimens were removed from the mammaliar 





host imme upon its capture 
i 


Ectoparasites do not 


1ecessarily die as soon as the host does. They may and often do live 
for hours after the host’s death. As the body of the host cools they become quite active 


moving all over the body and even out to the tips of the hairs. This applies particularly t 





the lice and mites since most Siphonaptera leave the host almost at once. If a freshly kille 





host is int roduced into the same collecting bag witha cooler i it is inevitable that s 


transfer will occur from the cooler to the warmer animal. Even when the host has been killed 
nd the parasites are dead, if several animals are kept together in the 
Cn 





with ether or cyanide : 





same collecting bag, there is a strong possibility that lice or mites will be shaken 





specimen to another. If the same work table is used for the preparation of a series of d 





skins without cleaning the table after each specimen, more contamination is likely. If the 
prepared skins are stacked close together while drying, still more contamination is possible 
Thus there are at least three points in the collection and preparation of mammalian skins 


that can lead to transfers of ectoparasites from one host specimen to another 





» publication of records of post-mortem contaminents adds nothing to our knowledge 


of the host relationships of ectoparasites and is likely to lead to erroneous inter] 





An excellent example ( ion of one spe 


f the latter is to be found in the fairly recent descri 
men of a sucking louse as a new species because it was found on the skin of a bird 

The following procedure was developed by the author and used by Dr. James Beer 
the coll 


to prevent possible contamin 


t 
This technique is readily applicable, adds but littl 


lection of small rodents tive transfers of lice and mites 





o the procedures used in the collectior 





and preparation of skins, and insures against post-mortem contamination. To prevent con 
tamination in the collecting bag, each specimen is placed as soon as collected in a separate 
polyethylene home freezer bag, which is then closed with a rubber band. These bags are 
obtainable in almost any food or hardware store in sizes ranging from 2 x 4 x 8 inches t« 
8 x 10 x 24 inches. If the skins are to be stored for some time before examination, the bag 


and the skin are numbered and, after preparation and drying, the skin is returned to the 


same collecting bag for storage. In the preparation of the skins the working surface of the 


table is covered with a sheet of paper (newspaper if nothing else is available), which is ex- 





amined for parasites and then disposed of after each skin is prepared Skins should not be 
permitted to contact each other at any time after collection until the final examination for 
parasites is made 


Any abnormal host-parasite associations evident in specimens treated in the above man 


ner would be cases of true straggling. It is suggested that records of ectoparasites from other 
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WHITE-TAILED DEER IN COLORADO 


A recent highway accident involving an automobile and a western white-tailed deer, 





























Odocoileus ginianus macrourus (Rafinesque), has added a new species to the present 
day check list of mammals of Colorado. The lent 
n Februar 28, 1953, about one h 1ltl Mm le s yuth of 
Platte River Valley. Although early-day travelers rep 
ig the river bottoms east of the Rockies, the we id reached the point 
exti ion in Colorado by the n 1920’s. So far as is known, there is no verified record 
resident white-tails in Colorado m rece in thi 
The tail of the animal killed was « ventional white on the underside with the vertebrae 
114% inches, ear 6}4 inches 1 antlers characteristic of the white-tailed deer, with three 
inbranched tines growing up lf lain beam, tl urving slightly upward and then 
1. These specimens were obs« te lection b 
he Col lo Cooperative Wildlife I h Unit, ¢ rad 
( rado, who | long been f t 1 de 
yn of the Tri. | 
Vf k { R i) 
REVIEWS 
R ear, D. R. Ci , MAMMA y FOREWORD ON 
\ [ G 52 t 2 led maps 
, t es hich 
g 1) g 
r t vam] r t e grass 
his W Af P sHecto vor 
‘ ( ( eit} j f fact 
Le f I tio I e of 
. . ; whens anantunans 
¢ ; : } | the flere! di 
\ echni 1é ‘ptive 
ho ‘ j f he ol Nn 
iF ¢ ea t he *) t f 
. 1 4} " ' f this book is 
, ae ad prevail over 
4 +} } 
T mn ] 4 ; by] | ( mr 7.00 1 83 1939 
~ ‘ | " Biuwe F ict 85. 1945. together with 
f. I \t bag mn maps relate each 
ge r} mphasis is on major 
habi g | I 5 yt distinguished for the 
cies of mam! The f tl ction of the book is further lessened by 
} , le te and that I t all is made to soils and 
g g I suspect that the ithor’s attempts to fores coincidence between mammal and 
tribution has resulted, in mar nstances, in an erroneous picture of the distribu- 
Nigerian mammals. His concepts of mammalian taxonomy. patterned after those of 
Ingold} re best disregards 
Despite its short-comings é f g ‘ 1 to be useful to anyone study 
gs Nig ummals. for it ings together for the first t list of the mammals sup- 
ed to occur in the colony. The effort to relate mammals to habitat is commendable, 
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although other factors of distribution, in addition to vegetation, should be considered 
The atlas points out so clearly what is not known about Nigerian mammals that it should 


serve as a stimulus for new research.—CHARLEs O. HANpb.LeEy, Jr., U. S. National Museun 
Washington, D. C 


Gunderson, Harvey L., and James R. Beer. THe Mammats or MINNESOTA. Univ 
Minnesota Press, xii + 190 pp., many unnumbered illus. and maps. 1953. Price: Paper, 
$2.00; Cloth, $3.50. 


While mammals are no respecters of political boundaries, state lists surely s 


eves 
function. The increasing interest in our native mammals is reflected in the several Minn 
sota reports dealing with the subject. One is reminded of Herrick’s 1892 report, then Dr 
Surber’s account and the more recent 1945 treatise by Swanson, Surber and Roberts. TI 
these excellent reports are now out of print, particularly the last, is an indication of th 
growing interest in mammalogy 

In the present account, the aim has been an accurate popular presentation for use 
schools, sportsmen, conservationists, and the general laity interested in mammals 

Instructions are given for trapping, collecting, preparation of study skins, and marking 
of live mammals. The inclusion of the geography of Minnesota, detailing the characteri 
of the coniferous forest, the deciduous woods, the floodplain forest, and the prairie ind 
the diverse habitats of this large state. The larger share of the book is devoted t 





yar 
of the known species inhabiting Minnesota, with descriptions, ranges, and a too-brief sur 
mary of the habits of each species 

There are relatively few errors in the book. Workable keys are not easy to prepare, but 
with more thought those of the volume under review could have been made somew! 
simpler. Keys are normally used for the identification of a freshly killed animal or a stud) 
skin; it appears debatable if retractile claws, relative size of the anal glands and the pr 
ence or absence of a prehensile tail are helpful in a key. A glossary of most of the ter 
employed in the keys is provided. Even the advanced student may well be disturbed 
such terms as ‘‘metalophon PM‘ continuous”’ when he finds no reference to it in the dic 


tionary of terms. Surely there are simpler characters to separate the common species tl 


nan 


the presence or absence of brachydont or hypsodont teeth; the protocone and parastyle 
are defined but not figured. The reviewer feels a valid objection can be directed to the 
paucity of life history data included in the discussion of each species. Lack of space is no 
excuse, for the 74 distribution maps, each occupying a full page, could well be reduced 
placed as an inset; indeed two species could be included on the same map. There is really 1 


need for a map where a species has been recorded but once from the state 


Cryptotis and 
Microtus chrotorrhinus), or taken in a single restricted locality (Thomomys 

This little book will stimulate many to explore the fascinating field of mammalogy. Ws 
hope it will be used not only in Minnesota, but in the neighboring states as well. Few young 
sters know the difference between a shrew and a mouse; many oldsters with years behind 
them cannot identify our common mammals. This record of Minnesota mammals will serve 
its purpose if it intrigues the neophyte into the still little-explored realm of mice, moose 
and muskrats. I am sure it will. —W. J. Hamiuton, Jr., Cornell University 


Moore, Clifford B. Ways or MAMMALS IN Fact AnD Fancy. Ronald Press Co., New 
York. viii + 273 pp. 1953. Price, $3.50 

A lucid and authoritative report on mammalian lore, dealing with fact and fallacy, has 
long been overdue. In this delightful book, the author exposes no end of myths that gave 


promise of perpetuity through ageless repetition. The incredible accounts of feeding 


he 
ne 


havior, reproductive patterns, and ‘‘acknowledged”’ traits of mammals have been recorded 
in popular books, articles, and the press for generations. Many myths have undoubtedly 
arisen through earlier press accounts submitted by some unknown sage. It is unfortunate 
that many readers accept as authentic the data presented to a gullible public through news 
print. Moore has enlisted the aid of many; brief articles by John Eric Hill, Glover M. Allen 
Carl Hartman, J. R. Matson, George G. Simpson, Frank Beach, and J. R. Masterson add 
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» the pages. To be sure, no author can be responsible for the veracity of quoted references. 





We read on page 17 that “‘there is no deer in the world that does not shed its antlers,’’ yet 


the Asiatic sambar may retain its massive tines for three or four years. Again we find the 


oft repeated statement that the rhino 


’s horn is a specialized growth composed of agglu- 
tinated hair. It appears problematical (p. 42) if the rabies virus has been transmitted to 
bats by dogs 

The answers to many myths, superstitions and much misunderstanding are set forth in 
. clear and readable manner. This discussion should be of help to many who are charged with 

nowledging requests for such information. We hope the author will enlarge on the sub- 
ect in another volume to include other vertebrates, the insects and lesser beasts.—W. J. 
HamItton, Jr., Cornell University 
Haltenorth, Th. Dre WiLpKATZzEN DER ALTEN WELT. Erne Usersicut tBer DIE UNTER- 
rruNG Fe.is. Akademische Verlagsgesellschaft. Leipzig, 166 pp., 115 figs., 4 maps. 1953. 
This exhaustive treatment of the Old World cats has more far reaching implications than 


} 
| 





itle might indicate. In the first chapter a brief review of the classification of Felidae is 
f 


1e view of orienting the reader with regard to the taxonomic position of the 





lis. Exception is taken to Simpson’s (1945, The principles of classification and a 
issification of mammals. Bull. Amer. Mus. Nat. Hist. 78: 1-345) treatment of the cats, 
ng particularly the inclusion of Lynz as a subgenus of Felis. The following classifica- 
is presented 
Family Felidae 
Subfamily Felinas 
Felis Linné, 1758 
Prionailurus Severtzow, 1858 
Pardofelis Severtzow, 1858 
Leptailurus Severtzow, 1858 
Leopardus Gray, 1942 
Oncilla Allen, 1919 
O wcife lis Severtzow, 1858 
Noctifelis Severtzow, 1858 
Herpailurus Severtzow, 1858 
Lynchailurus Severtzow, 1858 
Oreailuris Cabrera, 1940 
Subfamily Pantherinae 
Panthera Oken, 1816 
Uncia Gray, 1854 
Subfamily Lyncinae 
Caracal Gray, 1867 
Lynz Kerr, 1792 
Otocolobus Brandt, 1841 
Subfamily Acinonychinae 
Acinonyz Brookes, 1828 
The genus Felis, according to this work, consists of only two subgenera, i.e., Chaus and 


Be As indicated in the subtitle, the major considerations of this book are devoted to 
the subgenus Felis. Felis silvestris, F. ocreata and F. ornata are shown to be conspecific, 
thus providing F. silvestris with forty named races. Each of these named forms is discussed 
with the suggestion that only twenty-one warrant recognition. The remainder of the sub- 
genus consists of F. margarita Loche with three named races (the validity of which are 
questioned), F. thinobia Ognev (monotypic); F. nigripes Burchell with two subspecies; 
and F., bieti Milne-Edwards (monotypic 

The origin, phylogeny, post glacial dispersal, geographic and other variations of this 
group are discussed. Close correlations of speciation with the climatic regions are 
pointed out 


Over thirty-five pages are devoted to measurements and other tabular data. A list of 
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specific and subspecific synonyms arranged in alphabetical order is provided. A thorough 





index is divided into separate sections for personal names (authors), generic names, and 


species and subspecies names. The figures consist chiefly of photographs of specimens show- 
ing pelage variations and of the skulls of the various forms treated. The four maps, located 
at the end of the book, unfortunately lack the qualit j expected in a book of this kind. More 
detail and accuracy in the distribution maps would have added much to the usefulness of 
the book 

This work will undoubtedly stand as one of the most outstanding contributions to 
underst unding of the classification of cats since the work of R. I. Pocock. In view 
ideas presented, however, much confusion still remains with respect to the New World 
forms, particularly the long-tailed cats of North and South America.—RaANpDo.pu L. Pi 
son, Royal Ontario Museum of Zoology and Palaeontology, Toronto, Ontario 








Sierts-Roth, U. Genurts—uND AUFZUCHTGEWICHTE VON RASSENUNDEN. 
birth and during growth of pure-bred dogs.) Zeitschrift fur Hundeforschung, Vol. XX 
Dr. Paul Schops, Frankfurt/Main, Germany. 1953. 122 pp. Price, 10 German Marks 

Although this publication may not contain much information of direct interest to the 
iverage mammalogist, the following findings are worthy of note 

The weight of new-born dogs depends upon the weight and the breed of the mot} 


In 80 per cent of the breeds males were heavier than females at birth. No correlation 


found between litter size and weight of pups. It was found that in normal births the 
of the young does not depend on the duration of the gestation period 





The increase in weight of the pups during the first nine weeks is fairly 





case of dwarf breeds, but in case of the larger breeds gain in weight increases pro 
Not only the absolute, but also the relative increase in weight depends upon the siz¢ 

of body. Both are higher in case of the larger breeds. The heavier the breed, the higher 

relative weight of pups during the first few mont} A. DE Vos, Department of Ent 

and Zoology, Ontario Agricultural College, Guelph, Ontari 
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COMMENTS AND NEWS 
SOUTHWESTERN ASSOCIATION OF NATURALISTS 


The SouTHWESTERN AssocIATION OF NATURALISTS was formed at an organizational 
meeting attended by fifty-two persons at the University of Oklahoma Biological Station 
at Lake Texoma on May 23, 1953. As stated in the constitution, ‘“The object of the Associ 
ation shall be to promote the field study of plants and animals, living and fossil, in the 
southwestern United States and Mexico, and to aid the scientific activities of its members 
SWAN hopes to stimulate the study of the region by bringing together persons of like inter 
ests through publication of annotated membership lists, annual meetings, and perhaps 
later through the publication of a journal. 

The officers elected for the first year were: W. Frank Blair (Vertebrate Zoology) | 
versity of Texas, President: George J. Goodman (Plant Taxonomy) University of Oklahoma, 
Vice-President: Herndon G. Dowling (Herpetology) University of Arkansas, Secretar 
includes Mexico and the 





Treasure The geographic scope of the Association at preser 
states of Arizona Arkansas, Kansas, Louisian New Mexico, Oklahoma, and Te xa 
Persons interested in the natural history of this region are invited to join the Associatior 


Members! 


blanks may be obtained from any of the officers 





ANNUAL MEETING 


The thirty-fourth annual meeting of the American Society of Mammalogists will be held 
at the town of Estes Park, Colorado, near Rocky Mountain National Park, June 14-17, 
1954. Directors will meet the evening of June 13. 

Professor Richard G. Beidleman, Department of Zoology, Colorado A. and M. College, 
Fort Collins, Colorado, is Chairman of the Local Committee. Headquarters and all meet- 
ings will be at the Estes Park Conference YMCA Camp. 


ZOOLOGICAL NOMENCLATURI 
sound copies of the ‘“Copenhagen Decisions on Zoological Nomenclature,’’ comprising 


the additions to, and modifications of, the Régles Internationales de la Nome 


r »¢ 


gl 





Zoologique approved and adopted by the Fourteenth International Congress of Zoolog 


Copenhagen, August, 1953, are available from: International Trust for Zoologi« 


a 











clature, 41 Queen’s Gate, London, 8.W. 7, England 

This 135 page work may be had at 90 cents postpaid. It is hoped that this low pri 
induce many individual zoologists to purchase it.—Kari P. Scumipt, Chicago Nat 
History Muse 

USEFUL INFORMATION FOR FIELD COLLECTORS IN MEXICO 

As aresult of the tremendous increase in faunal studies in México on the part of biologist 
from other countries, particularly the United States, information on the proper meth 
obtaining scientific collecting permits, and regulations concerning the obligations on tl 
part of the collectors, is set forth briefly in the following paragraphs in the hope that it wi 
prove helpful to those contemplating biological investigations in México 

Scientific collecting permits are required of all investigators who contemplate taking 
specimens of amphibians, reptiles, birds and mammals in México. These permits are issued 
free of charge by the Direccion General Forestal y de Caza of the Secretaria de Agricultur 

Ganaderia, located at Mariscal Street No. 11, México, D. I Alle rrespondence concer! 
ing scientific collecting permits should be addressed to that office. Any represent 
including students, of a scientific or cultural institution who demonstrates qualificati 


satisfactory to the Mexican Government, is eligible to receive a permit 
. 


A pplicati ns should be made at least one month in advan e, stating the type ol study 


ken, the part of Mexico in which the study is to be 





be under 
the field ph 











of the invest igation A recent photograph of the applicant should accompan\ 





the application 





made, and the duration of 
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Recipients of scientific collecting permits issued by the Mexican Government are under 


] 
+ 


obligation to fulfill the following requirements as stated in detail on each permit 





» the Mexican Government. (These 






To return one specimen of each species c 





ecimens will be deposited in the collections of 


f México, or in some other reliable scienti 


1e Instituto de Biologia of the University 
fic ins 


j b. To submit a summary of field observ f specimens collected 


To send reprints of publicati ns and re ] gathered in Mexico 





To cooperate in game law enforcement by reporting cases of game law violations 


[To abide by the game laws of Méxic 1ying particular attention to the seasonal 


hunting regulations, and cooperating in giving full protection to those species completely 
tected from hunting. Permission to take species on the protected list may in certain cases 

the discretion of the Direccion General Forest de Caza 
Authorization for temporary importation of firearms and ammunition and for carrying 
pursuit of scientific studies in México must be obtained in advance from the 


epartal . de la Industria Militar. This application may be made to any of the branch 
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OBITUARY NOTICE 

George H. H. Tate (1894—1953) 
ve Her Hamilton Tate passed av in December 24. 1953. after a long and trying 
Ly 1 +} en ves fr Ty he fir } f. tur hietor y uctive ind competent student 
lisciplines of this wide area. His principle activity was within the confines of 
. hit } is well rsed , mi and the broa ler aspects of ecol 
Hy borr London, England, April 30, 1894. He attended junior grade schools in 
g ww York. He received the degre f B.S. and M.A. from Columbia Uni 
D.Sc. from the Universit f Montreal. He became turalized citizen of 
George Tate’s first contact with the Amer n Museum of Natural History came when 
George K. Cherrie and Geoffrey T. Gill on an expedition to Ecuador in 
21. TI s a trving initiation into tl icissitudes of a museum expedition for Cherrie 
ed by a gunshot wound the ar! nd Tate had the responsibility of getting 
I er medica tent | g this ume a series of expeditions which, 
lue were many of them under his personal leadership. In all, he made three expe 





ecuador: other work in South Ameri neluded Bolivia, Brazil, Venezuela and 


h Guiana. The field work in Venezuela included the ascent of Mt. Roraima, Mt 


he eceasible areas ture where the collecting was of a pioneer 
He made one expedition to the Ivory Coast, Cameroons and Liberia, Africa, to collect 
! s used for the habitat groups of the chimpanzee and the mandrill in the Akeley 





tH African Mammals. This was a protracted undertaking because of the difficulties of 





ntering the animals and the fact that one shipment was damaged beyond usefulness 
More than a vear was required and George Tate contracted several of the tropical 

1 yea juired and g 
seas endemic to that regio1 ind some f these consequences he was to carry with him 





He ecame ide ntified with the field work ¢ irried on by’ Rich ird Archbold ind accom- 





wo of these expeditions into the 


yne to New Guinea and one to the Cape York 
region of Australia 
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George Tate early began publishing on his field work, and his publications, for the most 
part, are readily catalogued in several categories. After his South American field work had 
familiarized him with much of the environment in which the mammals live, he began pub 
lishing on the mammals of South America. Some of these papers are monographic in that 
he treated whole groups. And because of the study and the utilization of all available m: 
terial and literature, most of these should carry the weight of authority. No former publica 
tions had given the subject the comprehensive overhaul given by Tate. After his associat 
with the activities of the Archbold Expeditions, Inc., George Tate began a rather volumi 
nous series of papers based on the splendid collections brought together through the support 
of Richard Archbold. Again, these papers were usually complete units in that they wer 
monographic or covering a geographical unit. At the time of his death he was engaged ir 
revision of all the squirrels of Asia and the Malaysian area 

As an insight into the thoroughness of his approach to a subject of this importar 
George Tate had spent a great deal of time in the museums of Europe and of the Units 
States looking over the collections of Asiatic squirrels. While he was at the museums ab 
he took a series of photographs of type material, principally of the skulls, and broug 
back to the American Museum a very complete and extensive photographic record 
tically all of the squirrel material not hitherto represented in the American Museum. I: 
addition, he had a Sound Scriber with him and dictated voluminous notes from the mat 
as he was examining it 

George Tate described a number of mammals new to science and he also was the 
of a respectable assemblage of hitherto undescribed species and genera of plants, it 
et cetera He also wrote papers of an ecolo rical or geographical significance in recog! 

f which he was made a Fellow of the American Geographical Society 

George Tate became a member of the American Society of Mammalogists in 1924 
served as an officer and a committee member in several capacities. He was a V Pr 

the time of his deat 

He was a Life Member of the American Museum of Natural History, and serve 
Department of Mammals as Field Assistant 1921 30 Assist nt ¢ urator 1932 Ass 


Curator 1942-46, and Curator 1946 





George Tate served in the British Army 1914-1919 and was engaged by the R« 
tion Finance Corporation, Rubber Development Corporation, during the second W 
War, when he spent some time in the Amazonian area 

George Tate had a wide circle of friends, and because of his travels these wer 
rather widely around the world. He was a congenial and cooperative compani 
He enjoyed a wide field of interests, among which might be mentioned horticu 
collecting of postage stamps 

He had purchased undeveloped property at Morristow New Jersey and pu 
siderable amount of time and enthusiasm into the building of a home and the planting 


the property) 


It is indeed regrettable that an individual with so much still to express from t} 
lations of an exceptional career should be cut down at the age of 59 vears. His passing 
leaves an irreplaceable gap both in the circles of natural history and among tl . 
I g 


were happy in his friendship 
He is survived by his wife, Eleanor Tate, his mother, Mrs. Elizabeth Tate, a sister, Miss 
Jeane E. Tate, and a brother, Geoffrey M. Tate-—Harotp E. ANTHONY 
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HAVAHART HUMANE ANIMAL TRAPS 





The Allcock Manufacturing Company has a large variety of humane animal 
traps. They have many sizes of live traps for those who are interested in catching 
the animals unharmed. The HAVAHART TRAPPING BOOKLET will be sent 
free of charge to anyone who requests it from the Allcock Manufacturing Com- 
pany, Ossining, New York. HAVAHART traps have been used successfully by 
many who have been doing live-trapping experiments on small mammals. Write 


for the free booklet today. 
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